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SECTION I
INTRODUCTION

1–1. PURPOSE This manual outlines and defines the
requirements, procedures, and responsibilities for weight and
balance control of USAF aircraft.  This manual also provides
information and instructions for accomplishing the charts and
forms, that provide the means for continuous record and
control of aircraft weight and balance.  Information and
explanation of principles, terms, and definitions are presented
to provide weight and balance personnel with a general
information manual pertinent to their particular function. The
general requirements of this technical order and the specific
requirements of the –5 and –6 series technical orders govern
USAF aircraft weight and balance documentation and con-
trol.

1–2. SCOPE. The use of this manual is mandatory for
all Air Force, Air Force Reserve, Air National Guard, and
any other activities that operate and/or maintain USAF
aircraft (includes airplanes, rotocraft, Unmanned Air
Vehicles).  The general requirements and procedures of
this manual are applicable to weight and balance control
of all USAF aircraft.  Additional requirements and/or
procedural instructions for specific aircraft weight and
balance control are specified in the aircraft’s  –5 series
TO.

1–3. TERMINOLOGY. Usage of the words shall, will,
should, and may is in accordance with the following:

1–3.1. The words shall and will are used to indicate the
requirements, procedures, and/or responsibilities are manda-
tory.

1–3.2. The word should  is used to indicate a non–mandatory
but preferred method of accomplishment.

1–3.3. The word may is used to indicate an acceptable or
suggested means of accomplishment.

1–3.4. Weight and balance definitions are found in the
Appendix A.

1–3.5. Whenever T.O. 1–1B–50 or –50 is referred to,  it is
used to include T.O.1–1B–50CD–1 (the CD media) and
T.O.1–1B–50WA–1 (the electronic web site media).

1–4. RELATED REFERENCES. Weight and balance
personnel shall be familiar with the following related
technical manuals (supplementary data to this manual) and
other related documents:

1–4.1. Aircraft –5 Series TO: Basic Weight Check List and
Loading Data.

1–4.2. Aircraft –6 Series TO: Scheduled Inspection and
Maintenance Requirements.

1–4.3. Aircraft –9 Series TO: Loading Instructions.

1–4.4. TO 35B2 Series: Aircraft Handling and Weighing
Equipment.

1–4.5. TO 00–5–1: AF Technical Order System.

1–4.6. TO 00–5–2: Technical Order Distribution System.

1–4.7. AFM 37–139: Disposition of Air Force Documenta-
tion.

1–4.8. AFI 21 Series: Maintenance Management.

1–4.9. AFI 11–215: Flight Manuals Program.

1–4.10. TO 33K Series: Technical Manual for Scale Cal-
ibration.

1–5. WEIGHT AND BALANCE CONTROL.  Operation-
al aircraft weight and balance control shall be accomplished
in accordance with the detailed requirements and instruction
of the specific aircraft –5 series TO and the requirements of
this manual.  In case of conflicting requirements, procedures,
or instructions, the aircraft’s –5 series TO shall take prece-
dence over this manual pending resolution of the conflict.

1–5.1. WEIGHT AND BALANCE EFFECTS.  Flight
characteristics of aircraft and aircraft performance are direct-
ly dependent upon their weight and balance conditions.  An
aircraft whose weight is greater than its allowable maximum
gross weight, or whose center of gravity (c.g.) is located
outside its prescribed c.g. limits, may experience one or more
of the following unsatisfactory flight characteristics, perfor-
mance degradations or payload reduction:

� Longitudinal instability.

� Lateral instability.
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� Increase in takeoff distance.

� Increase in takeoff speed.

� Increase in landing ground run.

� Increase in control forces.

� Increase in stall speeds.

� Decrease in range.

� Decrease in rate of climb.

� Decrease in service ceiling.

� Decrease in structural safety factors.

Using the principles and following the instructions contained
in this manual can prevent these flight conditions and
associated accidents.

1–5.2. WEIGHT AND BALANCE HANDBOOK.  The
weight and balance handbook shall be maintained in accor-
dance with Section IV requirements.

NOTE

The weight and balance handbook shall take
the highest security classification of the data
contained therein.

1–5.2.1. WEIGHT AND BALANCE CHARTS AND
FORMS.  The standard system of weight and balance control
requires the use of several different charts and forms.
APPENDIX B illustrates samples of these charts and forms.
Detailed instructions for use of the following referenced
charts and forms are contained in section V.

1–5.2.1.1. DD FORM 365; RECORD OF WEIGHT AND
BALANCE PERSONNEL. This form is used to provide a
continuous record of weight and balance personnel responsi-
ble for maintaining the aircraft weight and balance handbook
and preparation of DD Form 365–4.

1–5.2.1.2. DD FORM 365–1; CHART A – BASIC
WEIGHT CHECKLIST RECORD. The basic weight check-
list record is a completed collection of DD forms 365–1 for a
particular aircraft, referred to as Chart A. It is a list of basic
weight equipment and other items, by aircraft compartment,
which is, or may be, installed in the aircraft.

1–5.2.1.3. DD FORM 365–2; FORM B – AIRCRAFT
WEIGHING RECORD. This form is used to record data
obtained from the actual aircraft weighing.

1–5.2.1.4. DD FORM 365–3; CHART C – BASIC
WEIGHT AND BALANCE RECORD. This record is a

continuous series of completed DD Forms 365–3. It is a
continuous and permanent record of aircraft weight, moment,
and center of gravity position.

1–5.2.1.5. DD FORM 365–4; FORM F – WEIGHT AND
BALANCE CLEARANCE FORM. This form records the
weight, moment or index, and center of gravity calculations
for a specific loading arrangement on a specific aircraft to
ensure the aircraft remains within its weight and balance
limitations.

1–5.2.1.6. CHART E LOADING DATA.  This refers to the
loading data section of the aircraft –5 series TO.  It contains
the information necessary to perform aircraft loading control
(weight and balance flight clearance computations) and to
accomplish actual weighing.

1–5.2.2. PURPOSE OF CHARTS  AND FORMS.  The  data
to be entered on the charts and forms contained in the weight
and balance handbook are applicable only to the individual
aircraft identified by MODEL/DESIGN/SERIES and SE-
RIAL NUMBER as documented on the title page and various
charts and forms.  The standard system of operational level
weight and balance control can be divided into two parts, each
of which requires the use of several different charts and forms.
The first part of operational weight and balance control
concerns the requirements for current and correct information
regarding the aircraft’s basic weight, moment/index, and
center of gravity location (c.g.).  An aircraft’s basic weight
and c.g. are documented through utilization of CHARTS A
and C and FORM B.  This current information may be the
result of an actual aircraft inventory and weighing, or it may
stem from a series of careful calculations.  The second part of
operational weight and balance control concerns maintaining
the aircraft’s gross weight and c.g. within limits with the
loading and expenditure of various items.  This part is
determined and controlled through the use of the FORM F
with the aid of the –5 series TO CHART E LOADING DATA
or LOAD ADJUSTER.  Throughout the completion and
utilization of CHARTS A and C and FORMS B and F, all
weight and moment data shall be listed to the nearest whole
number and arms and indexes to one decimal place unless
otherwise presented in the aircraft’s –5 series TO.  The forms
prescribed in this manual shall be requisitioned through
normal distribution channels or procured locally if electronic
forms are available. Data sheets from the Automated Weight
and Balance System (AWBS) may be used in lieu of the DD
Form 365, DD Form 365–1, DD Form 365–2, DD Form
365–3, and DD Form 365–4.  Data sheets from computerized
Form F generators may be used provided these sheets contain,
as a minimum, the necessary weight and balance data as
defined by the DD 365 series forms, –5 series Technical
Order, and this technical order.
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NOTE

The forms or computer generated replicas
shall be maintained in accordance with the
instructions contained herein.

An example is given in Appendix B, which represents the
proper completion and use of these charts and forms.  When
forms are revised (either the DD form 365 series or the
computer generated forms), forms in use in the handbook do
not have to be replaced with the revised forms.  When new
forms are required then the latest version of the form will be
used.

1–5.2.3. RESPONSIBILITIES.  The aircraft manufacturer
inserts all identifying data on the title page of the weight and
balance handbook and completes all other applicable charts
prior to delivery of the aircraft.  Qualified weight and balance
personnel in accordance with the requirements of this
technical order shall accomplish all subsequent changes in
weight and balance charts and forms.

1–5.2.4. DOCUMENTATION AND DISPOSITION.  The
disposition of weight and balance documentation shall be as
follows:

RECORD OF WEIGHT AND BALANCE PERSONNEL
Destroy after loss of aircraft.

BASIC WEIGHT CHECKLIST (CHART A) Destroy when
superseded or loss of aircraft.

AIRCRAFT WEIGHING RECORD (FORM B)  Destroy
after loss of aircraft.

BASIC WEIGHT AND BALANCE RECORD (CHART C).
Destroy after loss of aircraft.

WEIGHT AND BALANCE CLEARANCE FORM F

Prepared for each mission. Destroy on completion of mission.

Canned form F. Destroy when superseded.

Related to an aircraft involved in an accident. Destroy 1 year
after completion of investigation.

The above is in accordance with AFI 37–139, DISPOSITION
OF AIR FORCE DOCUMENTATION.

1–6. WEB PAGE.  A Web Page has been developed to share
ideas, problems and solutions within the weight and balance
community.  The page has an AWBS, weight and balance
topics of interest, and a comment section.  The secure web
page may be found at: 
https://www.en.wpafb.af.mil/weight/weight.asp. An addi-
tional public web site may be found at: 
http://engineering.wpafb.af.mil/weight/weight.asp.  Articles,
hints and items to share with other weight and balance
individuals are welcome and may be submitted to 
ASC/ENFS.     T.O. 1–1B–50WA–1 may be found at: 
https://137.240.78.49/til/tild/tildt–home.html 
and secure access at: https://137.240.78.49/til/tild/11b50.pdf.
A public access site is http://www–ext.tinker.af.mil/tild/. 
 In addition, the –50 can be ordered on CD.

1–7. COMMENTS. Errors, omissions, or recommenda-
tions relative to this manual or the DD365 series forms shall
be reported on AFTO Form 22 in accordance with T.O.
00–5–1.  The OPR for this Technical Order is OC–ALC/
PSWRT, Tinker AFB, OK 73145–3022.  Changes or ques-
tions with this technical order or the Automated Weight and
Balance System (AWBS) may be forwarded to ASC/ENFS,
2530 LOOP ROAD WEST, WRIGHT–PATTERSON AFB,
OH 45433–7101 or by electronic mail to the web site above
or irving.schaff@wpafb.af.mil.  Errors, omissions, or recom-
mendations regarding aircraft –5 series Technical Orders, or
any phase of the Flight Manual Program, shall be reported on
AF Form 847 and forwarded through your Command
Headquarters in accordance with the processing instructions
of AFI 11–215.
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SECTION II
WEIGHT

2–1. GENERAL. One of the basic elements of aircraft
design is weight. The weight of an aircraft is used in
determining such design criteria as engine require-
ments, wing area, landing gear requirements, and
payload capacity. Any weight changes, whether in
manufacturing, modification, or maintenance, can have
distinct effects on aircraft performance and/or payload
capability.

2–2. WEIGHT  TERMINOLOGY.   Figure 2–1 illustrates
the meaning of Air Force aircraft weight  terminology.
For related definitions, see APPENDIX A and the
aircraft’s –5 series Technical order.

2–3. WEIGHT LIMITS.  All  aircraft are designed with
a number of weight limits. These limits are determined
by performance, control, and structural restrictions.
Exceeding these limits can result in loss of the aircraft
and are expressly forbidden.

2–4. AIRCRAFT WEIGHT.  The weight of an aircraft is
determined through a combination of actual weighing,
accurate record keeping, and proper use of the aircraft’s
–5 series TO.

2–5. FLOOR LOADING.  Floor loading is the weight,
in pounds, of a load divided by the area of floor on which
it rests. The aircraft’s –5 and –9 series TO’s usually
specify the floor loading limits and/or weight limits for
the various aircraft compartments.

NOTE

The floor loading limits of an aircraft shall
never be exceeded.
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Figure 2–1. Weight Terminology

WEIGHT EMPTY

+

Guns, unusable fuel, oil, ballast, survival kits, oxygen, and any other internal or external

equipment not disposed of during flight and not listed in Chart E.

–

Any Chart A items which are missing from the aircraft.

=

BASIC WEIGHT

+

Crew, crew baggage, steward equipment, emergency equipment, special mission fixed

equipment, and all other non–expendable items (such as fixed pylons and racks) not in

basic weight.

=

OPERATING WEIGHT

+

Payload items; such as cargo, ammunition, passengers, stores, disposable fuel tanks, and

transfer fuel.

=

ZERO FUEL WEIGHT

+

Usable Fuel

=

TAKEOFF GROSS WEIGHT

–

Load items expended in flight; such as fuel, stores, ammunition, cargo, and paratroops.

=

LANDING GROSS WEIGHT
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SECTION III
BALANCE

3–1. PURPOSE. This section describes the basic principles
of weight, arm, and moment in aircraft balance. The use of
these principles is discussed in Section VII. The use of load
adjuster indexes is discussed in Section X.

3–2. TERMINOLOGY. The terms balance, arm, balance
arm, moment, simplified moment, load adjuster index, and
center of gravity (cg) are fundamental to understanding
aircraft balance and control. These, and other terms used in
this section, are defined in Appendix A.

3–3. DISCUSSION. An aircraft is said to be in balance, or
balanced, when all weight items in, on, or of the aircraft are
distributed so that the longitudinal center of gravity (cg) of the
aircraft lies within a predetermined cg range. This range is
defined by the most forward and aft permissible cg locations,
which are called the forward and aft cg limits, respectively. To
determine if an aircraft is balanced, the aircraft cg must be
calculated and compared to the forward and aft cg limits for
that particular configuration and gross weight. Only longitu-
dinal balance is discussed in this TO, since few aircraft require
vertical and/or lateral balance control. For those aircraft that
do, the –5 series TO calls out the required additional balance
control.

3–4. CALCULATING AIRCRAFT CG. The cg of a group
of items, such as a loaded aircraft, can be calculated when the
items’ weights and arms are known. This can be done by using
moments. An example of this process is given in Figure 3–1.

3–4.1.  First, record the aircraft’s basic weight and moment
from the Chart C. The CHART C’s basic moment is a
simplified moment and must be multiplied by the given
constant.

3–4.2.  Determine the moments of the load items, either by
multiplying the individual weights by their arms, or by
recording them out of the CHART E loading data.

NOTE

� The longitudinal reference datum on some
aircraft is not located forward of, but within,
the aircraft. Thus, if negative arms are
encountered with added (positive) weight, the
moments are negative, i.e., 10 lbs x –10 in =
–100 in–lbs.

� If negative arms are encountered with deleted
(negative) weights, the moment is positive,
i.e., –15 in x –15 lbs = +225 in–lbs.

� If positive arms are encountered with added
(positive) weights, the moments are positive,
i.e., 25 in x 50 lbs = +1250 in–lbs.

� If positive arms are encountered with deleted
(negative) weights, the moments are negative,
i.e., +25 in x –50 lbs = –1250 in–lbs.

� The addition or deletion of an item at the
reference datum contributes no moment
change, i.e., 100 lbs x 0 in = 0 in–lbs. See
figure 3–1 for an illustration of this note.

3–4.3. Next, add the weights of the items and the basic
weight and add the moments of the items and the basic
moment.

3–4.4. By dividing the moment sum by the weight sum, the
balance arm, or cg, of the loaded aircraft is calculated.
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Figure 3–1. Calculating Aircraft CG

3–5. FUSELAGE STATION. Fuselage Station (FS) is
often equal at each point to the balance arm scale. However,
if the aircraft fuselage is shortened or lengthened, the original
fuselage sections usually retain their old FS designations.
Such changes most often occur in the design or production
phase, before the aircraft becomes operational. This alters
the FS–balance arm relationship (see figure 3–2).

NOTE

Balance calculations are not to be worked
using FS locations; use only balance arms.
The FS location is not always equal to the
balance arm.

3–6. PERCENT MAC (MEAN AERODYNAMIC
CHORD). The location of the aircraft cg is commonly
expressed not by its balance arm, but by percent MAC.
Percent MAC identifies a location with respect to the position
of the MAC; 0.0 percent at the leading edge of the MAC and
100.0 percent at the trailing edge. For definition, see
Appendix A. For weight and balance purposes, percent MAC
is found by a simple mathematical conversion equation or
tables, particular to the aircraft, and listed in the CHART E
(see figure 3–3).
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3–7. LOADING/UNLOADING. The loading or  unloading
of items can have a considerable effect on aircraft balance,
even when the items total less than one tenth of one percent
of the aircraft weight. Balance loading principles and the
techniques for determining the balance of various aircraft
configurations are discussed in Section VII, Center of Gravity
Loading Calculations.

3–8. BALLAST. Sometimes design, manufacturing, or
maintenance changes cause the aircraft cg to exceed its limits.
This is usually corrected by the addition of permanent ballast

which always remains in the aircraft. When the ballast is
added to counter the temporary removal of an item or to
balance a particular configuration, it is called temporary
ballast. For a definition of ballast, see Appendix A. An
equation for use in determining the amount of temporary
ballast is included in Section VII.

Figure 3–2. Balance  Arm Fuselage Station
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Figure 3–3. Percent MAC
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SECTION IV
WEIGHT AND BALANCE SYSTEM

4–1. GENERAL. This section defines the requirements,
procedures, and Command responsibilities relative to the
USAF aircraft weight and balance control system. The overall
objectives of the system are to provide current and correct
information regarding aircraft basic weight and moment, and
to maintain aircraft gross weight and center of gravity within
permissible limits. All commands are responsible to assure
that all personnel assigned weight and balance responsibility
on USAF aircraft are qualified by paragraph 4.5.2.  Unique
requirements of Unmanned Aerial Vehicles (UAV) weighing
less then 3000 lbs. allow for a deviation from this technical
order when they are routinely weighed and balanced every
time the vehicle is reconfigured.  These small UAVs are not
required to maintain weight and balance handbooks in
accordance with this Technical Order. However, an approved
weight and balance system using forms and charts to calculate
and record weight and balance data that meet the objectives
of this paragraph must be utilized

4–2. AERONAUTICAL SYSTEMS CENTER
(ASC) RESPONSIBILITIES.  The Aeronautical Sys-
tems Center of the Air Force Materiel Command shall
maintain overall responsibility for establishing the require-
ments, procedures, forms format, and Automated Weight and
Balance System (AWBS) for USAF aircraft weight and
balance control. ASC/ENFS is the office of primary responsi-
bility for the following duties:

4–2.1. Establishing the technical content and format of this
manual, and the DD 365 series forms.

4–2.2. Approval review for technical content and format of
aircraft –5 series TO’s for which Aeronautical Systems Center
(ASC) has technical responsibility.

4–2.3. Approval review of AFTO Forms 22 and AF Forms
847 relative to documentation for which Aeronautical Sys-
tems Center (ASC) has technical responsibility.

4–2.4. Determination and specification of USAF aircraft
weight and balance classifications.

4–2.5. Development of specialized weight and balance
engineering services that may be requested by Air Logistics
Centers (ALC).

4–2.6. Coordination and recommendation to Air Education
and Training Command (AETC) of changes in the USAF
aircraft weight and balance control system that may necessi-

tate revising the training curriculum of weight and balance
courses.

4–2.7. Coordination and recommendation of procedures
and/or equipment required for compliance with the various
requirements of the weight and balance control system.

4–2.8. Establish weighing intervals for aircraft whose
engineering responsibility is within ASC.

4–2.9. Acts as the Technical OPR for the AWBS.

4–3. AIR LOGISTICS CENTER (ALC) RESPONSIBI-
LITIES. The Air Logistics Centers of the Air Force
Materiel Command shall prepare, procure, and disseminate
aircraft weight and balance data that Commands require to
comply with USAF aircraft weight and balance control
system requirements. ALC shall also provide and/or coordi-
nate with ASC technical assistance for unusual weight and
balance problems as requested by commands. ALC shall
establish weighing intervals for aircraft not included in
paragraph 4.2.8.

4–4. AIR EDUCATION AND TRAINING COM-
MAND (AETC) RESPONSIBILITIES. The Air
Education and Training Command shall prepare and provide
weight and balance instruction and training required for using
unit compliance with USAF aircraft weight and balance
control system.

4–5. COMMAND RESPONSIBILITIES.  Commands
shall establish effective operating procedures for weight and
balance control of aircraft assigned to their command to
ensure:

4–5.1. The weight and balance control system requirements
and procedures of this manual, and related technical order
documentation, are in accordance with the management
procedures of: AFI 21–101. When necessary, the Commands
may impose more stringent requirements for weight and
balance control through Command supplements to applicable
Air Force manuals and instructions. The weight and balance
control system requirements and procedures shall include, but
not necessarily be limited to:

4–5.1.1. The updating of records to the current weight and
balance status for all assigned aircraft.
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4–5.1.2. The development of methods for aircraft loading
that are satisfactory for safety of flight.

4–5.1.3. The proper utilization of modification weight and
balance data.

4–5.1.4. The proper completion of the Form F as required.

4–5.1.5. Assisting flight crews in proper weight and balance
maintenance.

4–5.2. Military and civilian personnel assigned the respon-
sibility for accomplishing the various weight and balance
functions (weight and balance technicians) are qualified (1)
by graduating from an AETC approved course of instruction
and (2) by the weight and balance authority (as determined by
the command) who will certify that the weight and balance
individual has completed the training and maintains their
proficiency. The approved course of instruction requires
successfully completing (1) J6ANU2A000–001 (Computer
Based Training) Aircraft Weight And Balance Course and (2)
J3AZR2A000–000 Weight And Balance Practical Course (or
ASC/ENFS approved alternative mobile course). Individuals
who have previously completed a formal AETC approved
weight and balance course prior to implementation of the
above courses has fulfilled the training requirement. The
weight and balance authority must insure the weight and
balance technician is proficient in accomplishing weight and
balance tasks on their assigned aircraft.

NOTE

� Civilian contractor qualifications shall be
verified by the contracting authority.
Contracting authorities may approve
equivalent training that fulfills the intent
of the above paragraph.

� Exceptions to this requirement must be ap-
proved by ASC/ENFS through the affected
MAJCOM.

4–5.3. Equipment is available, maintained, and/or certified
as required for compliance with the applicable weight and
balance directives.

4–5.4. The using unit may implement procedures to simpli-
fy aircraft weight and balance maintenance which do not
conflict with the aircraft –5 series TO, this document, or other
applicable directives.

4–5.5. It is the responsibility of the weight and balance
technician to determine the proper amounts of ballast required
to maintain the aircraft within the prescribed cg limits
throughout its flight.

4–6. AIRCRAFT WEIGHT AND BALANCE
CLASSES. For weight and balance control purposes,
USAF aircraft are divided into the following classifications:

4–6.1. Class 1. Class 1 aircraft are those which require basic
weight and moment record documentation but do not require
loading control for normal configurations. Normal configura-
tions are defined as configurations previously flown which
cannot exceed weight, structural, and/or center of gravity
limits.

4–6.2. Class 2. Class 2 aircraft are those which require basic
weight and moment record documentation and loading
control, to ensure that loading arrangements employed do not
exceed permissible weight, structural, and/or center of gravity
limits. Loading control is accomplished in accordance with
the instructions and data of the aircraft’s –5 or –9 series TO,
and this manual.

4–7. USAF AIRCRAFT WEIGHT AND BALANCE
CLASSIFICATIONS. All aircraft, except those listed
below, shall be considered Class 2. Aircraft of similar model
designation shall take on the same weight and balance
classification as the basic aircraft unless specifically desig-
nated otherwise. Only the following may be considered Class
1 aircraft: 

T–3A Series
 T–34 Series
 T–37 Series (Not the A–37 series)

T–38 Series 
T–41 Series
T–46 Series

4–8. WEIGHT AND BALANCE HANDBOOKS.
An aircraft weight and balance handbook provides for the
continuous record of the weight and balance of a particular
aircraft. There are two types of weight and balance hand-
books; a primary handbook (which is required for each
aircraft), and an optional supplemental handbook (which is an
abbreviated version of the primary handbook).



T.O. 1–1B–50

4–3

NOTE

A weight and balance handbook is required
for all active aircraft. Inactive aircraft (flyable
temporary storage, static display, ground
training, aircraft battle damage repair, etc.) do
not require current and up–to–date weight and
balance handbooks. If these inactive aircraft
become active, the weight and balance hand-
book must be updated with an actual weighing
prior to first flight. If the weight and balance
handbook is not available, it must be initiated
in accordance with paragraph 4–8.5.

4–8.1. HANDBOOK LOCATION. Class 1 aircraft weight
and balance handbooks shall be stored in a location as
determined by the commands. Class 2 aircraft primary weight
and balance handbooks for non–fighter aircraft (reference
paragraph 4–7) shall be stored on the aircraft when the aircraft
is in flight, or as determined by the command if a supplemen-
tal handbook is maintained for storage on the aircraft. Class
2 primary weight and balance handbooks for fighter aircraft
will be stored as determined by the commands.

4–8.2. PRIMARY HANDBOOKS. A primary weight and
balance handbook shall be maintained for each assigned
active aircraft by qualified weight and balance personnel. The
handbook charts, forms, and when required the aircraft –5
series TO shall be maintained in accordance with require-
ments and instructions of this manual. TO 00–5–1 and AFR
4–20. Non–current copies of the charts and forms may be filed
for historical purposes and shall be available whenever
requested by the depot. These historical charts and forms shall
be transferred with the aircraft whenever the aircraft is
transferred. The contents of the primary weight and balance
handbook shall be arranged and maintained in the following
order:

4–8.2.1. Locally developed cover page containing at least
the MDS and serial number.

4–8.2.2. DD Form 365; RECORD OF WEIGHT AND
BALANCE PERSONNEL.

4–8.2.3. DD Form 365–1; CHART A – BASIC WEIGHT
CHECKLIST RECORD.

4–8.2.4. DD Form 365–2; B – AIRCRAFT WEIGHING
RECORD.

4–8.2.5. DD Form 365–3; CHART C – BASIC WEIGHT
AND BALANCE RECORD. If desired, only the Chart C
since the last weighing need be maintained in this manual.

4–8.2.6. Applicable aircraft –5 series TO, unless there is
supplemental weight and balance handbook or the primary
weight and balance handbook is permanently stored in a
central location not on board the aircraft. In the above cases,
an aircraft –5 series TO is not required with each primary
handbook. One copy (minimum) of the aircraft –5 series TO
which covers a group of similar aircraft shall be maintained,
for reference purposes.

NOTE

If the –5 series TO is in the form of multiple
TO’s, only the Loading Data TO’s need to be
included. The Sample Basic Weight Checklist
does not have to be included. If desired, the –5
may be maintained with each primary hand-
book.

4–8.2.7. If desired, DD Form 365–4; FORM F – WEIGHT
AND BALANCE CLEARANCE FORM may be maintained
or stored in the weight and balance handbook. This is
advisable whenever someone other than the normal weight
and balance authority may be completing a Form F for this
aircraft, such as when the aircraft is going to depot.

4–8.2.8. If desired, a copy of the aircraft’s AWBS data disk
in a suitable holder.

NOTE

Having a copy of the AWBS data disk in the
handbook does not relieve the requirements of
paragraph 4–8.2.1 through 4–8.2.7.

4–8.3. SUPPLEMENTAL HANDBOOKS. Using com-
mands that maintain primary weight and balance handbooks
in a central location shall assemble and maintain supplemen-
tal handbooks for storage on all Class 2 non–fighter aircraft.
The maintenance of these supplemental handbooks shall be
the responsibility of the individual assigned the responsibility
for the primary handbook. As a minimum, supplemental
handbooks shall include:

4–8.3.1. A statement identifying the qualified person re-
sponsible for maintaining the handbooks, their duty station,
office symbol, and phone number. This statement shall also
note that changes to the aircraft basic weight and/or moment
must be coordinated with the individual assigned responsibil-
ity for handbook maintenance.

EXAMPLE:

John Q. Doe, XXX BWG/ AMQ, Best AFB, DSN XXX–
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XXXX is responsible for maintenance and update of the
primary and supplemental weight and balance handbooks for
aircraft Serial Number XX–XXX as authorized by TO
1–1B–50, Section IV. All changes affecting the basic weight
and/or moment of this aircraft shall be coordinated with him.

4–8.3.2. A certified copy of the current (last page) DD Form
365–3, the AWBS substitute or locally generated form to
provide the current aircraft basic weight, basic moment or
index, and center of gravity location.  This DD Form 365–3
shall be re–certified (checked for accuracy and corrected if
necessary) and the last page or entry printed for installation in
the primary handbook at least once every 180 days.  A
certified copy of this re–certification will be installed in the
supplemental handbook.  The weight and balance technician
documents this re–certification by signing and dating the DD
Form 365–3 on the line below the current basic weight and
moment entries.

4–8.3.3. The applicable aircraft –5 series TO.

NOTE

If the –5 series TO is in the form of multiple
TO’s, only the Loading Data TO’s need to be
included. The Sample Basic Weight Checklist
does not have to be included.

4–8.3.4. If desired, DD Form 365–4; FORM F –WEIGHT
AND BALANCE CLEARANCE FORM may be maintained
or stored in the supplemental weight and balance handbook.

4–8.4. HANDBOOK SECURITY CLASSIFICATION.
Aircraft weight and balance handbooks shall be classified in
accordance with the highest security classification of the data
contained therein.

4–8.5. HANDBOOK REPLACEMENT. In the event an
aircraft’s Primary weight and balance handbook or pages
becomes lost, is damaged, or for any reason needs to be
replaced, the individual assigned responsibility for that
aircraft handbook shall assemble a new handbook as follows:

4–8.5.1. Obtain a new cover page containing at least the
MDS and serial number.

4–8.5.2. Obtain and complete a DD Form 365.

4–8.5.3. Obtain sufficient copies of DD Form 365–1 and use
the applicable aircraft –5 series TO to prepare a new Chart A.

4–8.5.4. Inventory the aircraft.

4–8.5.5. Obtain DD Form 365–2 and weigh the aircraft in
accordance with applicable directives, then complete the DD
Form 365–2.

4–8.5.6. Obtain DD Form 365–3 and complete with initial
entry from the DD Form 365–2. Include a note identifying the
reason for assembling a new handbook.

4–8.5.7. Obtain the applicable aircraft –5 series TO as
required.

4–8.5.8. Obtain and prepare DD Form 365–4; FORM F –
WEIGHT AND BALANCE CLEARANCE FORM.

NOTE

If sufficient data is available to accurately
reflect the aircraft’s lost or damaged weight
and balance data pages, as in the case of worn
or water damaged pages or the AWBS,
accomplish items 4–8.5.1 through 4–8.5.8
above as deemed necessary by the weight and
balance authority. If there is not sufficient data
to accurately duplicate the aircraft’s lost or
damaged pages or document, but sufficient
data is available to assess the true weight and
balance of the aircraft, only a note to the affect
that the historical records cannot be dupli-
cated, but the current weight and balance data
is correct is all that is necessary.

4–8.5.9. If desired, obtain a new copy of the aircraft’s
AWBS data disk and place in a suitable holder.

4–8.6. AUTHORIZED SUBSTITUTE FORMS. Data
sheets from the Automated Weight and Balance System
(AWBS) may be used in lieu of the DD Form 365–1, DD Form
365–2, DD Form 365–3, and DD Form 365–4. Data sheets
from computerized Form F generators may be used provided
these sheets contain as a minimum, the necessary weight and
balance data as defined by the DD 365 series forms, –5 series
Technical Order, and this technical order.

4–8.7. ENTRY  ERRORS ON  FORMS. If errors are
found on the forms in the weight and balance handbooks, do
not erase or change the entry. Line out the erroneous entry and
correct the entry. Make a note in the Chart C pertaining to the
corrections.

4–9. WEIGHT AND BALANCE FLIGHT CLEAR-
ANCE. Weight and balance flight clearance is accom-
plished to ensure that aircraft remain within safe weight and
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balance limits during takeoff, flight, and landing. Such
clearance is recorded through the use of DD Form 365–4,
FORM F – WEIGHT AND BALANCE CLEARANCE
FORM, or through an authorized substitute. The original copy
of the Form F, when properly signed and filed in accordance
with established operational procedures, serves as the record
to certify that weight and balance was properly accomplished.

4–9.1. REQUIRED CLEARANCE. Class 2 aircraft re-
quire weight and balance clearance prior to each flight. Class
1 aircraft do not require weight and balance flight clearance
for normal configurations, but do require flight clearance for
all configurations not previously flown.

4–9.2. FORM F MAINTENANCE PROCEDURES. All
Forms F shall be completed in accordance with the instruc-
tions of this technical order. Forms F are utilized on a ONE
TIME USE basis, or are CANNED for multiple use.

4–9.2.1. ONE TIME USE Form F – These are Forms F
prepared for use on a one time basis and are destroyed upon
mission completion. They are generally used when the
Command does not utilize a CANNED Form F approach or
when an aircraft is loaded in a manner for which no CANNED
Form F is on file.

4–9.2.2. CANNED Form F – These are Forms F which are
prepared for multiple use when an aircraft’s basic weight and
moment remain within certain specified tolerances. They are
filed in accordance with established Command procedures,
for future reference and use. CANNED Form F shall be
checked at least every 180 days for accuracy and a new Form
F prepared as required. New CANNED Form F shall be
prepared whenever CHART C basic weight and/or moment
changes accumulate to the threshold specified in the aircraft
–5 series TO, or to the general requirements for CHART C
threshold as specified in this technical order. If no changes are
required, the Form F maybe re–dated and initialed, or a letter
issued to state the review has been accomplished to certify its
currency.

4–9.3. STANDARDIZED LOADINGS. At the option of
the Weight and Balance Authority and when missions permit
the use of standardized aircraft loadings (usually for fighter/
attack/ trainer/rotary–wing aircraft), CANNED Forms F may
be utilized with the following procedures to accomplish
weight and balance flight clearance:

4–9.3.1. The weight and balance handbooks for Class 2
aircraft of the same Model/Design shall be examined to
determine which aircraft have the:

a. Most forward basic weight center of gravity location.

b. Heaviest basic weight and,

c. Most aft basic weight center of gravity location.

These aircraft shall then be used as the baselines for
calculation of aircraft weight and balance clearance. Addi-
tional aircraft may be used if desired or necessary for
calculations of the aircraft weight and balance clearance.

4–9.3.2. These baseline aircraft shall be used to compute
Forms F to reflect carriage of the standardized load configura-
tions on each aircraft. The standardized loadings for which all
aircraft remain within safe weight and balance limits for
takeoff, flight, and landing may then be CANNED. These
CANNED Forms F shall be used for the weight and balance
flight clearance of the remaining aircraft of the same Model/
Design.

4–9.3.3. For actual weight and balance clearance, these
CANNED Forms F shall be referenced for record purposes.

4–9.3.4. Aircraft basic weight and center of gravity location
is constantly changing through the incorporation of TCTO’s,
engine and equipment changes, modifications, and repairs.
Therefore, the weight and balance handbooks for all aircraft
involved in these standard loading procedures shall be closely
monitored. Aircraft basic weight and center of gravity
location must remain within the weight, most forward center
of gravity and most aft center of gravity positions of the
reference baseline aircraft.

4–9.4. CLEARANCE PROCEDURE. When filing DD
Form 175, MILITARY FLIGHT PLAN (or authorized
substitute), pilots shall either attach the original copy of a
ONE TIME USE DD Form 365–4 or note that a previously
filed CANNED DD Form 365–4 is applicable. Duplicate
copies of DD Form 365–4 shall be filed in accordance with
Command operational procedures (attached to flight plan or
given to controlling ground agency, quality assurance,
transient alert, maintenance, etc.). One of the following
entries shall be made in the appropriate space on DD Form
175:

4–9.4.1. N/A – For Class 1 aircraft since weight and balance
clearance is not required.

4–9.4.2. ATTACHED – When a ONE TIME USE DD Form
365–4 is attached.

4–9.4.3. FILED AT DATE – when citing a previously filed
CANNED DD Form 365–4.
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4–9.4.3. FILED AT DATE – when citing a previously filed
CANNED DD Form 365–4.

4–9.5. AUTHORIZED SUBSTITUTIONS FOR DD
FORM 365–4.  The following substitutes are authorized for
use as weight and balance clearance records in lieu of DD
Form 365–4.

4–9.5.1. Electronic Computer data sheets may be used in
lieu of the DD Form 365–4 provided these sheets contain, as
a minimum, the necessary weight and balance data as defined
by the –5 series Technical Order to show load computations,
gross weight and center of gravity. The date, aircraft serial
number, and signatures of responsible personnel must be
documented on the sheet. The sheet does not have to resemble
the style or format of the actual DD Form 365–4.

4–9.5.2. The designated commercial type loading schedule
for C–9 aircraft.

4–9.5.3. Computer programs that only produce the DD
365–4 forms must follow the requirements in Section IX of
this T.O.

4–10. AIRCRAFT WEIGHING REQUIRE-
MENTS. Aircraft shall be weighed when any of the
following conditions exist:

4–10.1. When weighing requirements are specified in the
applicable aircraft –5 or –6 series T.O.  Aircraft that are not in
compliance with such weighing requirements shall not be
flown without prior depot permission.

4–10.2. When TCTO’s, modifications, or repairs are ac-
complished and calculated or actual weight and moment data
are not available.

NOTE

Aircraft weight and balance can be drastically
changed by painting. If an aircraft is com-
pletely painted (many aircraft –5 series tech-
nical orders have more restrictive
requirements) and the responsible engineer-
ing organization has not evaluated and pro-
vided the weight and balance impact for the
work accomplished, the aircraft must be
weighed.

4–10.3. When recorded weight and balance data is sus-
pected of being in error.

4–10.4. When unsatisfactory flight characteristics are re-
ported by the pilot which cannot be traced to flight control
system malfunction, improper aircraft loading, or error in
weight and balance data and/or computations.

4–10.5. Whenever inactive aircraft become active (Refer-
ence paragraph 4.8).

4–10.6. When the weight and balance handbook needs
replacement (Reference paragraph 4.8.5.).

4–10.7. When a major structural part (wing, vertical tail or
horizontal stabilizer) is removed and replaced or removed,
repaired and then replaced.
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SECTION V
INSTRUCTIONS FOR USE OF MANUAL WEIGHT AND BALANCE CHARTS AND FORMS

5–1. DD FORM 365; RECORD OF WEIGHT AND
BALANCE PERSONNEL. This form provides a continu-
ous record of weight and balance personnel (civilian or
military) responsible for the correctness and maintenance of
the weight and balance handbook. It lists the name, grade/rate/
rank, where and when qualified, duty station, date became
responsible for maintaining the weight and balance manual,
and date responsibility was relieved. Other qualified person-
nel may make entries in the weight and balance handbook if
they have been designated to do so by the individual currently
assigned responsibility for the handbook. All entries must be
completed and either typed or clearly written in ink. The last
line entry shall indicate, in accordance with AFI 21 series, the
person who is currently responsible for maintaining the
weight and balance handbook.

5–2. DD FORM 365–1; CHART A – BASIC WEIGHT
CHECK LIST RECORD.

5–2.1. The Basic Weight Check List Record is a list of all
equipment and other items that are or may be installed, and for
which provisions or fixed stowage has been made in a definite
location in the aircraft. All items weighing two pounds or
more shall be listed for aircraft whose initial basic weight is
under 25,000 pounds. All items weighing five pounds or more
shall be listed for all other aircraft. Items, equipment or line
replaceable units that may be inventoried, necessary to define
basic weight or required to document removed weight and c.g.
should constitute the inputs to this chart. Examples of
components are: avionics boxes, power supply items (batter-
ies, generators, inverters, etc.) engines, propellers, fluids
(unusable fuel, hydraulic oil, etc.) crew safety and comfort
items (life raft, seats, emergency equipment, etc.), personnel
and cargo equipment (armor plate, etc.), armament (guns,
cameras, countermeasure equipment, etc.), and personnel and
cargo equipment (litters and supports, ramp, toes, hoists,
tables, lavatory and galley equipment, etc.). The specific
aircraft –5 series technical order will supply examples of
equipment that should be on this chart. The weight, arm, and
moment or simplified moment of the individual items must be
listed for use in correcting the aircraft basic weight and
moment on the CHART C (DD Form 365–3) as changes are
made in these items. All entries shall be typed or clearly
written in ink unless specified otherwise in this TO. When
check marks and zeros are entered in the IN AIRCRAFT
column and IN/OUT dates are entered in the item column, the
CHART A serves as the inventory of equipment and other
items included in the basic weight of the aircraft. When a
check mark is entered in CHART C ENTRY column, the

check mark is an indication that an entry has been made in the
CHART C as a result of a change in the status (in or out of the
aircraft) of an item since the last inventory.

5–2.2. The CHART A shall be checked by an aircraft
inventory whenever the AFI 21–103 possession changes and
the weight and balance authority changes.

NOTE

When an aircraft goes to depot, the possession
of the aircraft is usually changed, but the
weight and balance authority is not necessari-
ly transferred. The authority is transferred
whenever the receiving organization’s weight
and balance authority places their signature on
the DD 365 for that aircraft. The receiving
authority is not required to put their signature
on the DD 365 solely because he makes entries
to the Chart C or completes a Form F. But, if
he weighs or inventories the aircraft, the
authority shall be transferred. If changes are
made to the aircraft in which the weight of the
aircraft is affected, and the weight or balance
change is unknown or questionable, the air-
craft must be weighed and the authority
transferred.

5–2.3. The CHART A shall be checked by an aircraft
inventory and/or updated whenever:

5–2.3.1. The aircraft has a major overhaul.

5–2.3.2. It is required by a TCTO.

5–2.3.3. Changes in equipment included in the basic weight
are made for a different type of operation or mission.

5–2.3.4. The pilot reports unsatisfactory flight characteris-
tics with weight and/or balance implications.

5–2.3.5. The aircraft is weighed.

5–2.4. The CHART A is completed and used as follows:

5–2.4.1. At the time of delivery, the manufacturer inserts the
designation of the AIRCRAFT MODEL (MODEL/DESIGN/
SERIES) and SERIAL NUMBER in the spaces provided at
the top of the CHART A.
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5–2.4.2. Each CHART A item shall be assigned an alphanu-
meric symbol. These symbols shall indicate the alphabetical
designation of the compartment; for example, items A–1, then
A–2, then A–3 and so on listed for compartment A. These item
numbers shall be listed in the column titled COMPART-
MENT AND ITEM NUMBER.

5–2.4.3. The alphabetical and descriptive designations of
each aircraft compartment (in capital letters, such as A–
NOSE) shall be shown in the ITEMS AND LOCATION
column at the top of each compartment’s equipment list. The
compartment designation shall be underlined and separated
from the equipment list by one blank line. The dimensional
limits of each compartment shall be stated in terms of inches
from the reference datum, such as A–NOSE (5–64 inches)
and B–PILOTS (64–104 inches), and shall agree with those
compartment limits shown in the CHART E LOADING
DATA. Compartment equipment lists documented in the
ITEMS AND LOCATION column shall present individual
operating equipment items by description and part number
(such as, Preamplifier – APR–25/AM2348). The description
and part number presented in this column shall be common
with that shown on the equipment item identification plate.
Equipment within each compartment should be listed such
that the arms (in the column titled ”ARM”) progress
numerically from the forward to the aft limit of the compart-
ment. If a compartment is divided into an upper and a lower
section, all items within one section should be listed before
continuing to the next section.

5–2.4.4. The weight, arm, and moment of each item shall be
listed in the appropriate columns. A constant may be used to
simplify the moment. If a constant is used, it will be listed at
the top of the MOMENT column.

5–2.4.5. The manufacturer of the aircraft places check
marks or zeros in the first IN AIRCRAFT column under the
RECORD OF CHECKING section of the CHART A. This is
done at the time of delivery of the aircraft to indicate its
delivery condition. This delivery inventory shows the equip-
ment included in the aircraft’s initial basic weight and
moment as listed on the CHART C, DD Form 365–3.

5–2.5. All CHART A inventories subsequent to the
manufacturer’s delivery inventory shall be completed as
follows:

5–2.5.1. Inspect the aircraft for equipment actually
installed. Place the date and station at which the inventory was
made at the top of the next unused RECORD OF CHECKING
column. If all columns have been used, complete a new DD
Form 365–1 and mark the entries in column 1. Place a check
in the IN AIRCRAFT column to indicate the presence of an

item in the aircraft, or a zero to indicate its absence. If a partial
quantity of an item is present at the time of inventory, the
quantity of the item present shall be placed in the IN
AIRCRAFT column instead of a check mark. Do not enter a
check mark unless the item is installed.

NOTE

It is important to remember that the intent of
the Chart A is to provide an inventory of items
in Basic Weight. The inventory described
above may have to be adjusted to provide the
inventory of items in the basic weight. There
may be equipment or inventory items not in
the aircraft at the time of weighing which are
in the aircraft’s basic weight but will be
installed prior to flight. These items will
appear on the Form B. An example of this may
be unusable fuel. Unusable fuel is part of the
aircraft’s Basic Weight but the aircraft is
usually weighed with only trapped fuel. The
adjustment, between unusable and trapped
fuel, will have to be made on the Form B, but
the Chart A will reflect unusable fuel in the
Basic Weight.

5–2.5.2. During this inventory, note whether any new items
of equipment have been installed or previous items perma-
nently removed from the aircraft. For new items, enter on the
Chart A an item number, the name or description, weight, arm,
and moment data. For permanently removed items, simply
line through the item as shown in Figure B–2 of Appendix B.
Also see paragraph 5–4.3.1.

NOTE

In the manual system, marks in the IN
AIRCRAFT and CHART C ENTRY columns
are made only at the time of a complete
inventory. Never change the marks or add new
ones under a previously accomplished inven-
tory.

5–2.5.3. Compare this new inventory with the last com-
pleted inventory under the RECORD OF CHECKING
column, noting any changes in the items or quantities of
equipment installed in the aircraft. Refer to CHART C to
ascertain whether the necessary weight and moment correc-
tions have been made. If so, place check marks opposite such
items in the CHART C ENTRY column of CHART A. If not,
correct the calculated basic weight and moment data on
CHART C and then enter the CHART C ENTRY column
check marks. To assist with this procedure between invento-
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ries, when a CHART A item is added or removed from the
aircraft, enter the date, in pencil, in the ITEMS AND
LOCATION column of the CHART A (dates in pencil may be
erased after a complete CHART A inventory has been
performed). A check mark in the CHART C ENTRY column
indicates the appropriate weight and moment change has been
recorded on the CHART C. Make sure the name of the station
at which the inventory is performed and the inventory date are
entered in the RECORD OF CHECKING column on the
CHART A. If desired, this information may be shown on the
first page of the Chart A and the other Chart A pages may be
left blank. Enter the same date in the DATE column of the
CHART C for the corresponding weight and moment
calculations.

5–3. DD FORM 365–2; FORM B – AIRCRAFT
WEIGHING RECORD.

5–3.1. This form is used to record the data obtained from
actual weighing. The form also provides the necessary
instructions for computing the current weight, moment and
center of gravity location (cg) of the aircraft. All entries shall
be complete and either typed or clearly written in ink. In
addition to the examples within this section, see Appendix B,
Figure B–7 for a completed example.

5–3.2. The following instructions pertain to the completion
and use of the form:

5–3.2.1. Fill in the identifying data (such as DATE
WEIGHED and MODEL/DESIGN/SERIES) on the front
page of the DD Form 365–2. Enter the actual SCALE
READING data in the first column.

5–3.2.2. In the separate corrections block, enter the calibra-
tion correction as given by the calibration laboratory; scale
correction factor (correction factor necessary when the scale
does not return to zero after unloading and gravitational or
latitude correction factor – see scale operating instructions);
temperature correction factor (see scale operating instruc-
tions); equipment such as chocks, blocks, slings, and jacks
included in the scale reading but not part of the aircraft weight;
and any other appropriate corrections. Add all the corrections
and enter in the appropriate blocks. Enter the CORREC-
TIONS value in column two of the Form B and adjust (per
scale manufacturer’s instructions) the SCALE READING in
column one to obtain the NET WEIGHT in column three.

NOTE

Equipment correction factor may be itemized
on the backside of this form in lieu of the
correction block.

5–3.2.3. Distances E and F must be obtained and placed in
the appropriate spaces on this form. When the aircraft is
weighed on wing and/or fuselage jack points, distances E and
F may be obtained from the aircraft’s –5 series TO. When
weighing the aircraft on its wheels or landing gear jack points,
the values of E and F in the –5 are only approximations. Their
true values are determined according to the directions on the
front of the form by actually measuring the distances B and D.

5–3.2.4. Add the columns to determine the SUBTOTAL
(Both Main) and TOTAL (As Weighed).

5–3.2.5. For aircraft with more than two main reactions or
more than one nose or tail reaction, divide the LEFT MAIN,
RIGHT MAIN and NOSE OR TAIL sections as needed (see
Figure 5–1).

5–3.2.6. Multiply the NET WEIGHT of the SUBTOTAL
(Both Main) by the distance E (entered in the ARM column)
and multiply the NET WEIGHT of the NOSE OR TAIL
reaction by the distance F (entered in the ARM column) to
obtain the moment values for MOMENT column.

NOTE

Do not use simplified moments unless the
column heading reads MOM/XXX.

5–3.2.7. Add the SUBTOTAL (Both Main) MOMENT and
the NOSE OR TAIL MOMENT to obtain the TOTAL (As
Weighed) MOMENT.

5–3.2.8. Divide the TOTAL (As Weighed) MOMENT by
the TOTAL (As Weighed) NET WEIGHT to obtain the
TOTAL (As Weighed) ARM. This ARM is the aircraft
longitudinal center of gravity position (cg) in inches from the
aircraft reference datum.

5–3.2.9. Transfer the TOTAL (As Weighed) NET
WEIGHT, ARM, and MOMENT to the back of the weighing
form.

5–3.2.10. If oil weight is not included in the Aircraft’s Basic
Weight (refer to aircraft’s –5 series Technical Order), and it is
desired to include it so it does not have to be added on the
Form F, obtain the oil weight, arm, and moment from the
aircraft’s CHART E LOADING DATA and enter the values
on the second line on the weighing form and the word OIL in
the left column on the second line. If the OIL moment
obtained from the CHART E is simplified, multiply the
simplified moment by the moment constant to obtain the
unsimplified moment value. When the OIL arm is listed,
multiply the weight by the arm to obtain the moment.
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Figure 5–1. DD Form 365–2; Form B - Aircraft Weighing Record
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5–3.2.11. Complete Column I and Column II. If the aircraft
is weighed with the fuel system completely dry, include the
unusable fuel in Column II. If the aircraft is weighed with the
oil system completely dry, include oil in Column II. Enter
Column I and Column II totals in the appropriate spaces at the
top of the form. Always refer to aircraft’s –5 weighing
instructions.

5–3.2.12. Complete the arithmetic at the top of the form to
obtain BASIC AIRCRAFT NET WEIGHT and BASIC
AIRCRAFT MOMENT (basic weight and moment).

5–3.2.13. Divide the BASIC AIRCRAFT MOMENT by
the BASIC AIRCRAFT NET WEIGHT to obtain the BASIC
AIRCRAFT ARM. This ARM is the BASIC WEIGHT
AIRCRAFT longitudinal center of gravity position (cg) in
inches from the aircraft reference datum.

5–3.2.14. Enter the BASIC AIRCRAFT INDEX or BASIC
AIRCRAFT SIMPLIFIED MOMENT in the appropriate
column and enter the constant (if used) at the top of the
column.

5–3.2.15. The new weight and balance data established by
the actual weighing shall be entered on the CHART C. Enter
the new basic weight, simplified moment, and index or cg on
the CHART C.

5–3.2.16. Enter the reactions used, type of scales used or
manufacturer’s name and part number (Revere
C–55800–3–SO), serial number, date of calibration and
calibration accuracy on the Form B.

5–3.2.17. Include under REMARKS, any clarifying infor-
mation about the weighing such as the attitude of the aircraft
when weighed, the method of support, and note if the aircraft
was in a hangar.

NOTE

� When the total (as weighed) weight differs by
greater then 0.2% (0.4% for aircraft with a
Basic Weight less than 35,000 lbs) from the
calculated weight, or the as–weighed center of
gravity differs by greater then 0.2% MAC (0.2
inch for rotorcraft) from calculated center of
gravity, accomplish the following:

a. Check calculations for errors.

b. Check weighing preparation for errors, i.e. residual
fuel, residual water, equipment, etc.

c. Check Chart C for errors.

d. Check scales for overdue calibration.

� If no errors are found, reweigh the aircraft. If
the reweigh weight is consistent with the first
weight, enter on the Chart C the average
values of the two weights. If the reweigh is not
consistent with the first weight, the aircraft
should be reweighed again. The two most
consistent weights should be averaged and the
average entered in the Chart C.

� In the above paragraph, 0.2% MAC is the
difference between the calculated or antici-
pated center of gravity and the as–weighed
center of gravity. As an example, if the
anticipated center of gravity is 29.3% MAC,
the permitted as–weighed center of gravity
may be 29.1% MAC or 29.5% MAC (29.3%
MAC +/– 0.2% MAC).

5–4. DD FORM 365–3; CHART C – BASIC WEIGHT
AND BALANCE RECORD.

5–4.1. The CHART C is a continuous and permanent history
of the aircraft weight, moment/index and center of gravity
position. All changes to the aircraft basic weight and moment
regardless of the size, shall be recorded (typed or clearly
written in ink) on the CHART C to keep it correct and
up–to–date. If the aircraft has a time weighing interval, this
requirement may be relaxed as follows: changes less than two
pounds for aircraft whose basic weight is under 25,000
pounds and changes less than five pounds for aircraft whose
basic weight is over 25,000 pounds need not be recorded
unless directed by TCTO or other directive. The last basic
aircraft weight, moment, and cg or index shall be considered
the most current data and the baseline for all subsequently
dated aircraft loading calculation.

5–4.2. At the time of delivery of a new aircraft, the
manufacturer enters the aircraft basic weight, moment, and cg
or index on the CHART C. The itemized list of the equipment
which is included in the aircraft basic weight is shown in the
first IN AIRCRAFT column under the RECORD OF
CHECKING section of the CHART A.

5–4.3. Additions and/or subtractions to the basic weight and
moment/index on the CHART C will be accomplished as
follows:

5–4.3.1. Whenever equipment is added to or removed from
the aircraft, an entry must be made on this chart. If the item is
listed on the CHART A, enter the identical item number,
description and applicable weight, arm, and moment data on
the CHART C. If the item is not listed on the CHART A,
determine the item’s weight, arm, and moment by other
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applicable technical orders or actual measurement. Record
this data on the CHART C and if the item qualifies (see
paragraph 5–2.1), add the data to the CHART A. Any change
which is caused by a specific technical order will carry a
reference to the technical order number. Do not enter check
marks on the CHART A for these items until a complete
inventory is made; but enter, in pencil, the installation or
removal date in parenthesis following the description (see
Figure B–2).

5–4.3.2. Subsystem modifications or structural changes
shall be recorded in the same manner with the change in
weight and moment added to or subtracted from the current
total. Whenever such changes are provisions for equipment
such as structural mounts, electrical wiring, or air condition-
ing, they will be listed as separate line items.

5–4.3.3. Whenever a CHART A inventory reveals equip-
ment changes, subsystem modifications, or structural changes
not already recorded in the CHART C, the change in weight
and moment shall be posted as required in the preceding
paragraphs. The newly calculated basic weight, moment and
arm or index shall be dated to agree with the inventory date
entered on the CHART A.

5–4.3.4. Whenever an aircraft is weighed, the CHART C
will be updated to: (1) reflect any changes resulting from the
CHART A inventory and (2) show the new basic weight,
simplified moment, and index or cg from the FORM B –
AIRCRAFT WEIGHING RECORD (DD Form 365–2). The
date entered on the CHART C shall agree with the inventory
date entered on the CHART A and the weighing date entered
on FORM B.

5–4.4. To eliminate the requirement for originating new
FORM Fs when making entries of minor weight changes on
the CHART C, entries should be tabulated immediately
following the last WEIGHT CHANGE entry without recalcu-
lating the basic weight. Immediately following the individual
weight change column tabulations, the ADDED (+) and
REMOVED (–) weight and moment totals should be summed
to determine the overall weight and moment change. This
overall change should be entered under the appropriate
column (+ or –) and underlined to indicate that these values
are to be added to or subtracted from the previous aircraft
weight and moment to obtain the new basic weight and
moment. Weight and moment data shall not accumulate
beyond 0.1 percent (0.2 percent for aircraft with a Basic
Weight less than 35,000 pounds) of the Basic Weight or
beyond a resulting cg change of 0.1 percent MAC (0.1 inch for
rotorcraft). When this occurs, a new current basic weight,
moment and arm or index will be calculated and a new
WEIGHT AND BALANCE CLEARANCE FORM F pre-

pared. This updated basic weight, moment and arm or index
entry shall include total weight and moment changes due to all
the minor weight entries not previously included to that date.
A new minor weight and moment change listing will begin
immediately following the new basic weight, moment and
arm or index entry.

NOTE

Aircraft that may receive a series of minor
modifications without official AF TCTO’s-
such as N coded test aircraft and other test bed
aircraft (as identified by the Using Com-
mand), may accumulate a basic weight change
of 0.3 percent provided the centerof gravity
change does not exceed 0.1 percent of MAC
(0.1 inch for rotorcraft).

5–4.5. CHART C weight and balance entries regarding jet
engine and afterburner replacement are:

5–4.5.1. When the moment, arm, and weight data are
available, a calculated basic weight entry may be made in lieu
of weighing the aircraft. In cases where the weight, arm, and
moment information for the jet engine or afterburner are
variable and cannot be readily ascertained, the aircraft shall be
weighed by the activity making the change and a CHART C
basic weight and moment/index value entry will be made to
show the results of the actual aircraft weighing after the
engine or afterburner change. The engine serial number and
proper designating nomenclature will be entered on the
CHART C even though a specific weight entry cannot be
made.

5–4.5.2. On certain aircraft where the balance is not greatly
affected by the weight variation in the replacement of jet
engines or afterburners, the appropriate –5 series TO will state
that the CHART C and CHART A entries are not required
each time an engine or afterburner change is made. This
exemption applies only to engine or afterburner replacements
of the same series.

5–5. CHART E LOADING DATA. The CHART E
LOADING DATA is that part of a –5 series TO which
provides the aircraft weight and center of gravity limits and
the weights and moments (obtained from graphs, charts, and
tables) of all variable load items.

5–6. DD FORM 365–4; WEIGHT AND BALANCE
CLEARANCE FORM F.

5–6.1. The FORM F is the summary of the actual disposition
of the load carried by the aircraft. It is the official record of the
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computations done by the weight and balance technician to
ensure the weight and cg limits are not exceeded at takeoff,
during flight, or at landing due to loading conditions. If actual
weight and/or center of gravity (c.g.) values of the load carried
are available, those values should be used in lieu of published
values.

NOTE

DD Form 365–4 weight and balance clearance
requirements are contained in Section IV.

5–6.1.1.  There are two versions of the FORM F, TRANS-
PORT and TACTICAL. They were designed to provide for
the respective loading arrangements of these two types of
aircraft. The general use and fulfillment of either version is the
same, although separate instructions for filling out each
version are given here. In the case of multi–purpose aircraft,
the choice of which version to use will be the responsibility
of the Using Command. When reproducing the DD Form
365–4, only the version (side) to be used needs to be
reproduced.  After completing the Form F, one copy must be
filed in accordance with para 4–9.6 and a copy should remain
in the aircraft for the duration of the flight.

NOTE

� A sample for tactical aircraft is made out in
accordance with the loading problem given in
Appendix B.

� Electronic Computer data sheets, approved in
accordance with Section IX, may be used in
lieu of the DD Form 365–4 provided these
sheets contain, as a minimum, the necessary
weight and balance data as defined by the –5
series technical order to showload computa-
tions, gross weight and c.g.. The date, aircraft
serial number and name of responsible per-
sonnel must be documented on the sheet. The
sheet does not have to resemble the DD Form
365–4 in looks.

� Only items not included in Basic Weight shall
be entered on the Form F. As an example,
some aircraft include oil and pylons in the
Basic Weight and therefore these items must
not be included separately on the Form F.

5–6.2. TRANSPORT AIRCRAFT DD FORM 365–4. The
following instructions illustrate the use of CHART E LOAD-
ING DATA for completion of the TRANSPORT FORM F. If
a load adjuster is used in lieu of the CHART E, enter the load
adjuster plate number in the appropriate block and use index

numbers in lieu of simplified moments throughout the form.
See Section X for instructions regarding the use of a load
adjuster in completing a FORM F.

5–6.2.1. Enter the necessary identifying information on the
top of the form.

5–6.2.2. Ref 1. Enter the aircraft basic weight and simplified
moment/index. Obtain these from the last entry in the column
titled CURRENT TOTAL BASIC AIRCRAFT on DD Form
365–3; CHART C – BASIC WEIGHT AND BALANCE
RECORD.

5–6.2.3. Ref 2. Enter the word OIL and the number of
gallons, weight, and simplified moment/index of the oil, if not
included in Basic Weight.

5–6.2.4. Ref 3. Enter the number, weight, and simplified
moment/index of the crew. Use actual crew weights if
available.

5–6.2.5. Ref 4. Enter the weight and simplified moment/in-
dex of the crew’s baggage.

5–6.2.6. Ref 5. Enter the weight and simplified moment/in-
dex of the steward’s equipment.

5–6.2.7. Ref 6. Enter the weight and simplified moment/in-
dex of any emergency equipment not included in the BASIC
AIRCRAFT entry.

5–6.2.8. Ref 7. Enter the weight and simplified moment/in-
dex of any extra equipment not included in Basic Weight.

5–6.2.9. Ref 8. As required by the Command.

5–6.2.10. Ref 9. Enter at OPERATING WEIGHT, the sum
of the weights and the sum of the simplified moments/index
of Ref 1 through Ref 8.

5–6.2.11. Ref 10. Enter the number of gallons, weight,
and simplified moment/index of the fuel on board at
takeoff. List under REMARKS, the fuel tanks affected
and the amount of fuel in each tank (as required).

5–6.2.12. Ref 11. Enter the number of gallons, weight, and
simplified moment/index of water injection fluid.

5–6.2.13. Ref 12. Enter the sum of the weights and the sum
of the simplified moments (or last running index) of Ref 9
through Ref 11.
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5–6.2.14. LIMITATIONS. The maximum ALLOWABLE
LOAD to be entered in Ref 1, is based on takeoff, landing,
limiting wing fuel and/or ground handling restrictions (see
applicable –1 and –5 series TO), and is computed in the
LIMITATIONS table on the lower left–hand corner of the
FORM F as follows:

5–6.2.14.1. Enter the ALLOWABLE GROSS WEIGHT
for TAKEOFF and LANDING. If the aircraft can have a gross
weight restriction above which all weight must be fuel in the
wings (zero wing fuel gross weight), enter the ALLOWABLE
GROSS WEIGHT for LIMITING WING FUEL in the last
column of the LIMITATIONS table.

5–6.2.14.2. If the aircraft’s ALLOWABLE GROSS
WEIGHT can be limited by a taxiing and/or ground handling
gross weight, use the REMARKS section for subtracting the
warm up and/or taxi fuel from the maximum permissible
ground handling gross weight. The resulting value will be
entered in the ALLOWABLE GROSS WEIGHT FOR
TAKEOFF block of the LIMITATIONS table and a statement
similar to the following will be noted in the REMARKS
section: ALLOWABLE GROSS WEIGHT FOR TAKEOFF
LIMITED BY MAXIMUM TAXI GROSS WEIGHT.

5–6.2.14.3. Determine the ALLOWABLE LOAD for
TAKEOFF by subtracting the TOTAL AIRCRAFT WEIGHT
(Ref 12) from the TAKEOFF ALLOWABLE GROSS
WEIGHT. Determine the ALLOWABLE LOAD for LAND-
ING by subtracting the OPERATING WEIGHT (Ref 9)
PLUS ESTIMATED LANDING FUEL WEIGHT (Ref 23)
from the LANDING ALLOWABLE GROSS WEIGHT.
Determine the LIMITING WING FUEL ALLOWABLE
LOAD by subtracting the OPERATING WEIGHT (Ref 9)
from the LIMITING WING FUEL ALLOWABLE GROSS
WEIGHT.

5–6.2.15. Ref 13. Enter the compartment designation,
number of passengers, average passenger weight, and the
weight of the cargo. Use actual weights if available. Enter the
total for each compartment or item in the weight and
simplified moment/index columns. Large cargo items, stan-
dard passenger loads, or items loaded on pallets may be
entered by a combination of items when the CHART E
LOADING DATA of the appropriate –5 series TO specifies
that such entries may be made. If desired for statistical
purposes, the total freight weight may be listed in the space
provided under REMARKS. The weight and simplified
moment/ index of Ref 13 may be totaled and entered on the
line above Ref 14.

NOTE

The total weight of Ref 13 shall not exceed the
smallest ALLOWABLE LOAD determined
in the LIMITATIONS table.

5–6.2.16. Ref 14 is provided for aircraft requiring Zero Fuel
Weight (ZFW), Zero Fuel Weight Index or Moment (ZFW
Index or MOM), and Zero Fuel Percent of M.A.C. (ZF%
M.A.C.) computations. To determine the required values:

5–6.2.16.1. Add the weights and simplified moments (or
last running index) of OPERATING WEIGHT, (Ref 9) and
DISTRIBUTION OF ALLOWABLE LOAD (PAYLOAD),
(Ref 13, 14, or 15) if applicable. Enter calculated values.

5–6.2.16.2. Compute Zero Fuel Percent of M.A.C. (ZF%
M.A.C.) and enter in the appropriate block.

5–6.2.16.3. Enter the PERMISSIBLE C.G. ZERO FUEL
WEIGHT forward and aft cg limits from the cg limitations
tables of the applicable Chart E in the space provided in the
LIMITATIONS table.

5–6.2.16.4. Ensure the Zero Fuel Weight (ZFW) value
complies with the ZERO FUEL OR LIMITING WING FUEL
limitations as set forth by the applicable Basic Weight
Checklist and Loading Data (–5). If not, adjust load accord-
ingly.

5–6.2.16.5. Ensure the ZERO FUEL WEIGHT PERCENT
OF M.A.C. (ZF% M.A.C.) does not exceed the PERMISSI-
BLE C.G. ZERO FUEL WEIGHT forward and aft cg limits.
If it does, adjust load accordingly.

5–6.2.17. Ref 15.  As required by the Command.

5–6.2.18. Ref l6. Enter the sum of the weights and the sum
of the simplified moment (or last running index) for Ref 12
through Ref 15 in the space provided for TAKEOFF
CONDITION (Uncorrected).

5–6.2.19. Ref 17. Enter the TAKEOFF C.G. (Uncorrected)
as determined from the weight and simplified moment/index
values of Ref 16.

5–6.2.20. Check the weight value from Ref 16 to ensure it
does not exceed the ALLOWABLE GROSS WEIGHT for
TAKEOFF as shown in the LIMITATIONS table. Use the Ref
16 TAKEOFF CONDITION (Uncorrected) gross weight to
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determine the PERMISSIBLE C.G. TAKEOFF forward and
aft cg limits from the cg limitations tables of the applicable
CHART E LOADING DATA. If the takeoff cg of Ref 17 is
within these PERMISSIBLE C.G. TAKEOFF limits, enter the
limits in the space provided in the LIMITATIONS table.

NOTE

� The weight–simplified moment to cg tables in
the CHART E are not accurate enough to use
near the forward and aft cg limits. If a cg is
read off these tables and it is located one cg
interval (the spacing between the listed cg
values, such as 0.5, 1.0, or 2.0 percent MAC)
from a cg limit, or closer, the cg must be
arithmetically calculated to an accuracy of 0.1
percent MAC.

� The CHART E cg table and the cg grid on the
load adjuster account for any required adjust-
ment to the moment values for the cg limits
due to retraction of the landing gear. If the
takeoff cg position is calculated using the
equation presented in the CHART E, refer to
the CHART E cg table NOTES for any
required moment adjustments due to the
retraction of the landing gear.

5–6.2.21. Ref 18. Where the takeoff weight of Ref 16 and/or
the takeoff cg of Ref 17 are not within permissible takeoff
weight and cg limits, or if changes in the amount or
distribution of load are required, the necessary load adjust-
ments must be noted in the CORRECTIONS columns on the
left–hand portion of the FORM F. Enter a brief description of
the necessary load adjustment in the left–hand column with
the weight and simplified moment/index listed in the columns
provided. Add weight and simplified moment increases
and/or decreases to obtain the net change (+ or –) in the
amount or distribution of the load. If a load adjuster is used,
the revised index for each correction item rather than plus or
minus index changes is entered. Transfer the total weight
adjustment and simplified moment/index adjustment to the
spaces provided for Ref 18 CORRECTIONS (if required).

NOTE

When using a load adjuster and computing a
running index, the index in Ref 16 TAKEOFF
CONDITION (Uncorrected) should be used
as a starting point for all corrections.

5–6.2.22. Ref 19. In the space provided for TAKEOFF
CONDITION (Corrected), enter the sum of Ref 16 and Ref
18.

5–6.2.23. Ref 20. Enter the TAKEOFF C.G. IN % MAC OR
IN, as determined from the weight and simplified moment/
index values of Ref 19.

5–6.2.24. Check the weight value from Ref 19 to ensure it
does not exceed the ALLOWABLE GROSS WEIGHT for
TAKEOFF as shown in the LIMITATIONS table. Use the Ref
19 TAKEOFF CONDITION (Corrected) gross weight to
recheck the Permissible C.G. TAKEOFF forward and aft cg
limits from the cg limitations tables of the applicable CHART
E LOADING DATA. Recheck the takeoff cg of Ref 20 to
ensure it is within the permissible cg takeoff limits. Enter
these limits in the space provided in the LIMITATIONS table.

NOTE

Ref 21–25 will be accomplished unless other-
wise directed by the Using Command.

5–6.2.25. Ref 21. Enter Zero Fuel Weight and simplified
moment/index.

5–6.2.26. Ref 22.

5–6.2.26.1. Enter the weight and simplified moment/index
of any aerial load to be dropped before landing.

5–6.2.26.2. Enter the weight and simplified moment/index
of any miscellaneous items to be expended or added prior to
landing. Explain in remarks if necessary.

5–6.2.27. Ref 23. Determine the ESTIMATED LANDING
FUEL weight and simplified moment/index.

5–6.2.28. Ref 24. Determine the ESTIMATED LANDING
CONDITION by subtracting/adding the total weights and
simplified moments of Ref 21 and Ref 22. Add these values
to Ref 23.

5–6.2.29. Ref 25. Enter the ESTIMATED LANDING C.G.
IN % MAC OR IN as determined from the weight and
simplified moment/index values of Ref 24.

5–6.2.30. Check the weight value from Ref 24 to ensure it
does not exceed the ALLOWABLE GROSS WEIGHT for
LANDING as shown in the LIMITATIONS table. Use the Ref
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24 ESTIMATED LANDING CONDITION gross weight to
determine the PERMISSIBLE C.G. LANDING forward and
aft cg limits from the cg limitations tables of the applicable
CHART E LOADING DATA. If the estimated landing cg of
Ref 25 is within these PERMISSIBLE C.G. LANDING
limits, enter them in the spaces provided in the LIMITA-
TIONS table.

5–6.2.31. When the estimated landing weight of Ref 24
and/or the estimated landing cg of Ref 25 are not within
permissible landing weight and cg limits, changes in the
amount or distribution of load and/or fuel are required.

5–6.2.32. In the blocks provided in the left–hand portion of
the FORM F, calculate the most forward cg and most aft cg to
be attained during flight, unless the cg is monitored during
flight (see Section VII). The CHART E LOADING DATA
may indicate which loading conditions lead to the most
forward and most aft cg positions during flight. Check the cg
limitations tables of the applicable CHART E LOADING
DATA to assure the cg is within the permissible cg limits.

5–6.2.33. When the most forward cg position and/or the
most aft cg position does not remain within permissible cg
limits for flight, changes in the amount or distribution of load
and/or fuel and/or the fuel sequence are required.

5–6.2.34. The following signatures, though not required on
the automated Form F, will appear at the bottom of the DD
Form 365–4 unless otherwise stated:

5–6.2.34.1. COMPUTED BY – The signature of a qualified
weight and balance technician or other qualified person (in
accordance with Section IV) who computed the data and
prepared the FORM F will appear in this block.

5–6.2.34.2. WEIGHT AND BALANCE AUTHORITY–
The signature is optional dependent upon organizational
structure.

5–6.2.34.3. PILOT – The name of the pilot will appear on
all FORM F’s submitted by the pilot or another crew member
for flight clearance. The pilot’s name is not required on
prefiled (canned) FORM F’s.

NOTE

The purpose of the pilot name is to indicate
that the FORM F has been checked for
currency and accuracy. In the case of canned
FORM F’s, the pilot indicates the final check
of the form by inserting the appropriate
FORM F reference on the DD Form 175
(Military Flight Plan).

5–6.3. TACTICAL AIRCRAFT DD FORM 365–4. The
following instructions illustrate the use of CHART E LOAD-
ING DATA for completion of the TACTICAL FORM F. If a
load adjuster is used in lieu of the CHART E, enter the load
adjuster plate number in the Remarks block and use index
numbers in lieu of simplified moments throughout the form.
See Section X, for instructions regarding the use of a load
adjuster in completing a FORM F.

5–6.3.1. Insert the necessary identifying information at the
top of the form.

5–6.3.2. Ref 1. Enter the aircraft basic weight and simplified
moment/index. Obtain these from the last entry in the column
titled CURRENT TOTAL BASIC AIRCRAFT on DD Form
365–3; CHART C – BASIC WEIGHT AND BALANCE
RECORD.

5–6.3.3. Ref 2. Enter the word OIL and the number of
gallons, weight, and simplified moment/index of the oil if not
included in Basic Weight.

5–6.3.4. Ref 3. Enter the item description, weight, and
simplified moment/index of all non–expendable items not in
the basic weight (and not otherwise accounted for) such as
crew, baggage, cargo, pylons, racks, ballast, and emergency
equipment. Use actual weights if available.

5–6.3.5. Ref 4. Enter at OPERATING WEIGHT, the sum of
the weights and the sum of the simplified moment/index of
Ref 1 through Ref 3.



T.O. 1–1B–50

5–11

5–6.3.6. Ref 5. Enter the item description (type, and number
of rounds), weight and simplified moment/index of all
ammunition.

5–6.3.7. Ref 6. Enter the item description, weight, and
simplified moment/index of all ordnance such as bombs,
torpedoes, and rockets and all ordnance suspension equip-
ment such as pylons and racks which are expendable.

5–6.3.8. Ref 7. Enter the number of gallons, location,
weight, and simplified moment/index of the fuel on board at
takeoff. List under REMARKS the fuel tanks affected and the
amount of fuel in each tank (as required).

5–6.3.9. Ref 8. Enter the item descriptions, weights, and
simplified moments/index of the miscellaneous items such as
water injection fluid, JATO bottles, or RATO fuel. In the event
JATO or RATO provisions are to be expended after takeoff,
these items and their weights should also be entered here.

5–6.3.10. Ref 9. Enter at TAKEOFF CONDITION (Uncor-
rected) the sum of the weights and simplified moments/index
for Ref 4 through Ref 8.

5–6.3.11. Ref 10. Enter the TAKEOFF C.G. (Uncorrected)
as determined from the weight and simplified moment/index
values of Ref 9.

5–6.3.12. Enter the allowable GROSS WEIGHT TAKE-
OFF and GROSS WEIGHT LANDING (see applicable –5
series TO) in the LIMITATIONS table on the lower left–hand
corner of the FORM F. The most restrictive Takeoff Weight
and Landing Weight conditions for the intended mission shall
be entered on this table.

5–6.3.13. Check the weight value from Ref 9 to ensure it
does not exceed the allowable GROSS WEIGHT TAKEOFF
as shown in the LIMITATIONS table. Use the Ref 9
TAKEOFF CONDITION (Uncorrected), gross weight to
determine the PERMISSIBLE C.G. TAKEOFF forward and
aft cg limits from the cg limitations tables in the applicable
CHART E LOADING DATA. If the takeoff cg of Ref 10 is
within these PERMISSIBLE C.G. TAKEOFF limits, enter the
permissible limits in the space provided in the LIMITATIONS
table. The most restrictive Takeoff Weight Center of Gravity
and Landing Weight Center of Gravity conditions for the
intended mission shall be entered on the limitation table.

NOTE

� The weight–simplified moment to cg tables in
the CHART E are not accurate enough to use
near the forward and aft cg limits. If a cg is
read off these tables, and it is located one cg
interval (the spacing between the listed cg
values; such as 0.5, 1.0, or 2.0 percent MAC)
from a cg limit, or closer, the cg must be
arithmetically calculated to an accuracy of 0.1
percent MAC.

� The CHART E cg table or the cg grid on the
load adjuster account for any required adjust-
ment to the moment values for the cg limits
due to retraction of the landing gear. If the
takeoff cg position is calculated using the
equation presented in the CHART E, refer to
the CHART E cg table NOTES for any
required moment adjustments due to the
retraction of the landing gear.

5–6.3.14. Ref 11. When the takeoff weight of Ref 9 and/or
the takeoff cg of Ref 10 are not within permissible takeoff
weight and/or cg limits, changes in the amount or distribution
of load (Ref 3 through Ref 8) are required, and the necessary
load adjustments must be noted in the CORRECTIONS
columns on the left–hand portion of the FORM F. Enter a brief
description of the necessary load adjustment in the left–hand
column with the weight and simplified moment/ index listed
in the columns provided. Sum all the weight and simplified
moment increases and/or decreases to obtain the net change
(+ or –) in the amount or distribution of the load. If a load
adjuster or balance computer is used, the revised index for
each correction item, rather than plus or minus index changes,
is entered. Transfer the total weight and simplified moment/
index adjustment to the spaces provided for Ref 11 CORREC-
TIONS (If required).

NOTE

When using a load adjuster and computing a
running index, the index in Ref 9 TAKEOFF
CONDITION (Uncorrected) should be used
as a beginning for all computations.
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5–6.3.15. Ref 12. In the space provided for TAKEOFF
CONDITION (Corrected), enter the sum of Ref 9 and Ref 11.

5–6.3.16. Ref 13. Enter the TAKEOFF C.G. (Corrected), as
determined from the weight and simplified moment/index
values of Ref 12.

5–6.3.17. Check the weight value from Ref 12 to ensure it
does not exceed the allowable GROSS WEIGHT TAKEOFF
as shown in the LIMITATIONS table. Use the Ref 12
TAKEOFF CONDITION (Corrected) gross weight to re-
check the PERMISSIBLE C.G. TAKEOFF forward and aft cg
limits from the cg limitations tables of the applicable CHART
E LOADING DATA. Recheck the takeoff cg of Ref 13 to
ensure it is within the PERMISSIBLE C.G. TAKEOFF limits.

5–6.3.18. Ref 14. Enter the total TAKEOFF FUEL weight
and simplified moment/index from Ref 7 plus/minus any fuel
corrections/adjustments from Ref 11. Enter the total weight
and simplified moment/index of expendable items such as
ammunition (not including the weight of cases and links if
retained), bombs, rockets, torpedoes, and external fuel tanks
that are to be dropped during flight. Explain under RE-
MARKS, if necessary.

NOTE

Ref 15–17 will be accomplished unless other-
wise directed by the Command.

5–6.3.19. Ref 15. Determine the ESTIMATED LANDING
FUEL weight and simplified moment/index and enter it in the
space provided.

5–6.3.20. Ref 16. Determine the ESTIMATED LANDING
CONDITION by subtracting the total expendable weights
and simplified moments of Ref 14 from the Ref 12 weight and
simplified moment and adding the weight and simplified
moment of Ref 15.

5–6.3.21. Ref 17. Enter the ESTIMATED LANDING C.G.
as determined from the weight and simplified moment/index
values of Ref 16.

5–6.3.22. Check the weight value from Ref 16 to ensure it
does not exceed the allowable GROSS WEIGHT LANDING
as shown in the LIMITATIONS table. Use the Ref 16
ESTIMATED LANDING CONDITION gross weight to
determine the PERMISSIBLE CG LANDING forward and
aft cg limits from the cg limitations tables of the applicable
CHART E LOADING DATA. If the ESTIMATED LAND-

ING CG of Ref 17 is within these PERMISSIBLE CG
LANDING limits, enter them in the spaces provided in the
LIMITATIONS table.

5–6.3.23. When the ESTIMATED LANDING CON-
DITION of Ref 16 and/or the ESTIMATED LANDING CG
of Ref 17 are not within permissible landing weight and/or cg
limits, changes in the amount or distribution of load and/or
fuel are required. A new FORM F will be completed.

5–6.3.24. In the blocks provided in the upper left–hand
portion of the FORM F, calculate the most forward and most
aft cg to be attained during flight unless the cg is monitored
during flight (see Section VII). The CHART E LOADING
DATA may indicate which loading conditions lead to the most
forward and most aft cg positions during flight. Check the cg
limitations tables of the applicable CHART E LOADING
DATA to assure the cg is within the permissible cg limits for
flight.

5–6.3.25. When the most forward cg position and/or the
most aft cg position does not remain within permissible cg
limits for flight, changes in the amount or distribution of load
and/or fuel and/or the fuel sequence are required.

5–6.3.26. The following signatures, though not required on
the automated Form F, will appear at the bottom of the DD
Form 365–4 unless otherwise stated:

5–6.3.26.1. COMPUTED BY– The signature of a qualified
weight and balance technician or other qualified person (in
accordance with Section IV) who computed the data and
prepared the FORM F will appear in this block.

5–6.3.26.2. WEIGHT AND BALANCE AUTHORITY–
The signature is optional dependent upon the organizational
structure.

5–6.3.26.3. PILOT– The name of the pilot will appear on all
FORM Fs submitted by the pilot and/or crew member for
flight clearance. The pilot’s name is not required on pre–filed
(canned) FORM F’s.

NOTE

The purpose of the pilot name is to indicate the
FORM F has been checked for currency and
accuracy. In case of canned FORM Fs, the
pilot indicates the final check of the form by
inserting the appropriate FORM F reference
on the DD Form 175 (Military Flight Plan).
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SECTION VI
WEIGHING AIRCRAFT

6–1. GENERAL. Aircraft weighings are required as out-
lined in Section IV. Weighing with calibrated scales is the only
sure method of obtaining an accurate basic weight and center
of gravity (cg) location on an aircraft. When an aircraft is to
be weighed, it should be as near to its basic weight
configuration as possible, less fuel and other expendable load
items, and must be inventoried for equipment actually present
in the aircraft.

6–2. WEIGHING EQUIPMENT. Refer to the 35B2 se-
ries Technical Orders. A variety of scales and equipment may
be used for weighing aircraft. At the present time, standard-
ization tends toward an electronic portable scale for use in the
field where permanent installations are not practical. Weigh-
ing equipment is managed by WR–ALC.

NOTE

Aircraft weighing equipment will be used to
weigh aircraft only.

6–2.1. ELECTRONIC WEIGHING KIT. An electronic
weighing kit containing load cells is shown in figure 6–1.
These load cells are attached to axle jacks or wing jacks when
weighing aircraft. A load cell is attached to the top of each
jack. Many kits have adapters so that the load cell will fit
properly to the various types of jacks (see figure 6–2). Wing
jacks usually have a 1 inch hole in the top of the jack head and
therefore only a corresponding plug type load cell adapter can
be used. Ring type load cell adapters with setscrews are
usually used with axle jacks. These setscrews must be
tightened by an Allen wrench (one is provided in the weighing
kit). The load cell must be placed squarely and symmetrically
on top of the jack head. Some weighing kits also come with
two jack pad adapters, the use of which depends upon the
shape of the jack. Once the load cell is mounted and the
necessary jack pad adapter is attached, the jack must then be
placed vertically under the corresponding aircraft jack pad.
When the aircraft is raised and leveled, its weight forces are
measured and transmitted electronically from the load cells to
a weight readout device. Complete operating instructions
accompany each weighing kit, and strict adherence to the
instructions is necessary to ensure accurate results.

Figure 6–1. Electronic Weighing Kit and Accessory Weighing Kit
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Figure 6–2. Load Cell Arrangement

6–2.2. PORTABLE PLATFORM AIRCRAFT SCALES.
This system, shown in figure 6–3, is designed to provide
weight data. This system can also be used to check the
accuracy and validity of integral weight and balance systems.
The complete system is portable and either includes a trailer
for storage and transport, or is mounted on a single 88 x 108
inch pallet. The aircraft is towed upon the platform scales and
the resulting weight forces are measured. An advantage of this
system is that the aircraft does not have to be jacked, thus
minimizing side loads. Complete operating instructions
accompany this unit and strict adherence to the instructions is
necessary to ensure accurate results.

6–2.3. STATIONARY PIT TYPE SCALES. Most of the
larger scales are of the stationary beam and lever balance type
(see figure 6–4). These scales are commonly flush floor
installations, although some are used as surface–type portable
scales. The flush floor installation is generally in a permanent
location and the aircraft must be taken to them. However,
some flush floor scales have the capability to be removed

from their installations, when necessary, and taken to the
aircraft. These scales are usually expensive and normally
require a special building or hangar.

6–2.4. CALIBRATION OF WEIGHING EQUIPMENT.
Commanders of Air Force organizations which operate,
maintain, or modify aircraft are responsible for ensuring that
weighing equipment under their jurisdiction are calibrated
periodically and certified by a government inspector of
weights and measures or by commercial scale officials in
accordance with TO 00–20–14 and TO 33K–1–100. Unless
directed in the above technical order, the large flush floor
permanent (pit type) scales should be calibrated or certified
correct at least once every 12 months.

6–3. WEIGHING ACCESSORIES. To measure such
data as lengths, angles, and densities, weight and balance
personnel require accessories such as levels, plumb bobs,
measuring tapes, chalk lines and hydrometers. This equip-
ment normally is included in electronic weighing kits (see
figure 6–1). It may often be necessary to prepare special
devices that will facilitate taking measurements and leveling
specific types of aircraft. Special equipment, when required,
will be called out in the aircraft’s –5 series Technical Order.

6–3.1. SPIRIT LEVEL. At least one spirit level is required
for leveling most aircraft.  It is important that the level be of
the machinist bench type and of first–class quality with
ground and graduated main vials and plumb vials. A
calibrated inclinometer or digital protractor may be used in
lieu of a spirit level on many aircraft.

6–3.2. LEVELING BARS. Several leveling bars of varying
lengths are needed for spanning the distances between
leveling lugs. One set of bars normally comes with the
electronic weighing kit. Some aircraft require special bars that
will be called out in the respective –5 series Technical Order.

6–3.3. PLUMB BOBS. Plumb bobs are used to project
points on the aircraft onto the floor for measuring dimensions
in a level plane and for leveling some aircraft. Each plumb bob
should have a slot in the head so that excess string, which
could interfere with the free swing of the plumb bob, can be
wound around the neck. Plumb bobs are normally included in
the electronic weighing kit.

6–3.4. STEEL TAPES. A steel tape 600 inches in length and
graduated in inches and tenths of inches is desired. Since all
weighing dimensions must be read to one tenth of an inch, and
are frequently read to one hundredth of an inch, this type of
tape eliminates the nuisance and the possibility of errors
associated with converting common fractions to decimals.
Tapes, as described, are usually in the electronic weighing kit.
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Figure 6–3. Portable Platform Aircraft Scales
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Figure 6–4. Stationary Pit Type Scales

6–3.5. CHALK LINE. This is a string, covered with chalk,
which is used to mark a straight chalked line on the hangar
floor between the vertical projections of the main reaction
points or jig locations. The string should be sturdy and hard
finished. The electronic weighing kit usually includes a chalk
line reel.

6–3.6. HYDROMETERS. A hydrometer with a calibration
range from 5.5 to 7.0 pounds per US gallon should be used for
determining the density of fuel when required. A transparent
container for holding fuel samples, a pipette at least 12 inches
long, or some other similar device for withdrawing samples
from the tank is necessary for use with the hydrometer. This
equipment is incorporated within the weighing kit. Care must
be taken not to damage the glassware. When determining the
density of a fuel sample, the hydrometer should be carefully
placed into the fluid within the transparent container. When
reading the density, the hydrometer must not touch the
container and the reading should be taken at the lowest fuel
point (see figure 6–5).

6–3.7. ACCESSORY WEIGHING KIT. A kit containing
compartments for each accessory weighing item should be
provided for storing and carrying the weighing accessories.
(See figure 6–6). This is a necessary precaution against loss.
Some electric weighing kits have the accessories incorporated
in the kit for convenience.

6–3.8. AIRCRAFT JACKS. An approved type of jack is
required to raise the aircraft to a level position clear of the
hangar floor. A good quality standard jack, with suitable
capacity and extension range, should be used. The jack must
have an ample flat base area and have a suitable head, or
adapter, to retain the load cells and thus prevent slippage and

resulting damage to the aircraft. The capacity of the jack
points should also be checked to ensure the points would not
be overloaded while weighing the aircraft.

Figure 6–5. Reading a Hydrometer

6–4. WEIGHING PROCEDURES. A defined and or-
derly aircraft weighing procedure lessens the chance of
omitting necessary dimensional or scale readings. The
following procedure has been successfully used to accom-
plish proper aircraft weighing. The choice of an alternative
procedure depends upon the equipment at hand, the circum-
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stances under which the aircraft is to be weighed and is at the
discretion of the Weight and Balance Authority. Always refer
to the particular aircraft –5 series TO for specific weighing
instructions and/or procedures.

NOTE

All resulting weight and balance data are
meaningless if proper weighing procedures
were not accurately controlled and performed
during the weighing.

6–4.1. PREPARATION FOR WEIGHING AIRCRAFT.
The following describes the recommended procedure to
prepare an aircraft for weighing:

6–4.1.1. Thoroughly clean the aircraft inside and out,
removing dirt, grease and moisture. Allow the aircraft
sufficient time to dry prior to weighing.

6–4.1.2. Assemble the required weighing equipment, in-
cluding scales, hoisting equipment, jacks, cribbing, leveling
bars, level, measuring tape, plumb bobs and chalk line.

NOTE

It is important that the fuel in the aircraft at the
time of weighing duplicates the condition that
has been established by the manufacture’s
testing, and which data is provided in the
aircraft –5 series TO.

Figure 6–6. Accessory Weighing Kit

6–4.1.3. Aircraft with foam in their tanks pose special
problems. If aircraft with foam in the fuel tanks are not fully
filled prior to draining, fill the tanks to capacity and then drain
to a trapped fuel condition in order to duplicate the trapped
fuel values depicted in the technical order. These aircraft

always retain fuel in the foam, therefore, unless specific
instructions are in the aircraft –5 series TO, draining should
be terminated when fuel flow becomes discontinuous or starts
to drip. For aircraft with or without foam, always drain fuel in
accordance with the aircraft –5 or other applicable TO
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instructions. All aircraft draining is generally done in the
aircraft normal ground attitude. Although it is not recom-
mended, if it is impractical to drain the fuel (usually because
of fire hazards or local regulations), fill the tank to capacity.
Since the density of the fuel varies with temperature and other
factors, determine the actual density (weight per gallon) by
using a hydrometer. Multiply the density by the gallons of fuel
capacity obtained from the CHART E to determine the total
fuel weight. Never use the CHART E fuel weight values. For
the moment of the fuel, multiply the derived weight by the
corresponding arm listed in the CHART E. Never weigh an
aircraft with partially filled fuel tanks.

6–4.1.4. Remove load items such as bombs, ammunition,
cargo, crew members, and equipment not having a fixed
position in the aircraft. They are not listed as a part of the basic
weight on the CHART A and, therefore, should not be in the
aircraft when weighed.

6–4.1.5. Check all reservoirs and tanks for liquids such as
drinking and washing water, engine oil, hydraulic fluid,
anti–icing fluid, cooling fluids and liquid oxygen. Reservoirs
and tanks should be empty or filled to normal capacity prior
to weighing. Never weigh aircraft with partially filled
reservoirs or tanks.

6–4.1.6. All waste tanks must be empty.

6–4.1.7. Move the aircraft to the area where it will be
weighed. Do not set the aircraft brakes for this may induce
side loads and thrust loads on the scales, which in turn may
give erroneous weighing results.

NOTE

When using pit type scales or aircraft jacks
and portable weighing equipment, the aircraft
must be weighed in a closed hanger with no
blowers or ventilating systems impinging on
the aircraft. The slope of the floor shall not
exceed 1/4 inch in one foot (1.2 degrees)
unless scale technical order exempts this
requirement.

6–4.1.8. Conduct a CHART A inventory of equipment
actually installed in the aircraft. This inventory will be done

under the supervision of the weight and balance technician
responsible for the aircraft.

NOTE

A basic weight without the associated inven-
tory is of no value. Check the aircraft equip-
ment against the CHART A and correct the
chart as necessary to accurately itemize all
items of fixed operating equipment that will
be included in the basic weight determined by
the weighing. The aircraft CHART A –
BASIC WEIGHT CHECKLIST RECORD is
absolutely necessary to properly accomplish
this inventory. When the CHART A does not
accompany the aircraft, it is the responsibility
of the weight and balance supervisor or
technician to prepare one before weighing.
The compilation, completion, and application
of the CHART A is described in Section V.

6–4.1.9. Correct the CHART C based upon the CHART A
inventory.

6–4.1.10. Using such data as the current CHART C basic
weight, the CHART A inventory, and the CHART E, calculate
an as weighed weight. To the current basic weight, add the oil
(if applicable) and items weighed but not part of the basic
weight and subtract the items in the basic weight but not in the
aircraft. See example Figure 6–7.

6–4.2. ACTUAL WEIGHING. The following describes the
recommended procedure to successfully complete an actual
aircraft weighing. Always refer to the aircraft –5 series
technical order and scale manufacturer’s instructions for
aircraft and scale specific instructions.

6–4.2.1. When weighing an aircraft with an electronic
weighing kit and wing/fuselage jacks:

6–4.2.1.1. Position the aircraft in the hangar so the jacks
will not straddle any cracks in the floor.

6–4.2.1.2. Level the aircraft by inflating or deflating the
landing gear oleo struts. This is done to reduce load cell side
loads and ultimately reduce work time.
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VERIFICATION OF WEIGHING RESULTS EXAMPLE (REF Paragraph 6.4.1.10)

ITEM WEIGHT (lbs) MOMENT/1000 (in–lbs)

Current  Basic Weight    24,916 10,841.9

Weighed but not in
Basic Weight 

Variable Ballast   +176     +82.2

Weighed but not in Basic Weight 
Drainable Fuel     –12      – 5.1

Liquid Oxygen      – 3      – 1.2

                                                          

Calculated As Weighed     25,077 10,917.8

Balance Arm (cg) 435.37 in

Figure 6–7. Calculation of As Weighed Weight

6–4.2.1.3. Set up the scale and attach the load cells to the kit
and the jacks (to choose the proper adapter see figure 6–2).
Ensure the scale is within its calibration date.

6–4.2.1.4. Warm up the kit and make any entries required in
accordance with scale technical order.

6–4.2.1.5. Zero the scales.

6–4.2.1.6. Position the jacks directly below the jack pads.

6–4.2.1.7. Remove any chocks and release all brakes. This
is done to reduce load cell side loads and ultimately reduce
work time.

6–4.2.1.8. Jack the aircraft in accordance with aircraft
jacking instructions. All jacks must be raised simultaneously.

NOTE

All hangar doors must be closed with no
blower or ventilating systems impinging on
the aircraft. Many scale manufacturers require
exercising the scales before recording any
weight values. To exercise the scales, lower
the aircraft back to the ground and repeat steps
6–4.2.1.5 through 6–4.2.1.8.

6–4.2.1.9. Level the aircraft in accordance with –5 series
TO instructions and paragraph 6–5.

6–4.2.1.10. Read the scales and make any required dimen-
sional measurements in accordance with –5 series TO
instructions and paragraph 6–6. Dimensions E and F are
normally not measured when weighing on wing/fuselage
jacks, but given in the aircraft CHART E Loading Data.

6–4.2.1.11. Make the applicable Form B entries and verify
the weighing results (see paragraph 6–4.1.10. and 6–10). If a
large discrepancy is noted, check to see where error could
have occurred. If no error is found, reweigh the aircraft.
Unless specified in the applicable aircraft –5 series TO, a large
discrepancy is greater then 0.2 percent (0.4 percent for aircraft
with a Basic Weight less than 35,000 pounds) of the Basic
Weight or greater then 0.2 percent MAC (0.2 inches for
rotorcraft).

NOTE

� In the above paragraph, 0.2% MAC is the
difference between the calculated or antici-
pated center of gravity and the “as weighed”
center of gravity. As an example, if the
anticipated center of gravity is 29.3% MAC,
the permitted as–weighed center of gravity
may be between 29.1% MAC and 29.5%
(29.3% MAC +/– .2% MAC). If a discrepancy
is noted, accomplish the following:

a. Check calculations for errors.
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b. Check weighing preparations for errors; i.e. residual
fuel or water, equipment, etc.

c. Check Chart C for errors.

d. Check scales for overdue calibration or scale mal-
function in accordance with scale    manufacturer’s
instructions.

� If no errors are found, reweigh the aircraft. If
the reweigh weight is consistent with the first
weight, enter on the Chart C the average
values of the two weights. If the re–weigh is
not consistent with the first weight, the aircraft
should be weighed again. The two most
consistent weights should be averaged and the
average entered in the Chart C.

CAUTION

The landing gear struts may bind and suddenly
release causing possible damage to the aircraft
and load cells. Refer to applicable aircraft
TO’s.

6–4.2.1.12. Lower the aircraft and remove the jacks and
load cells.

6–4.2.1.13. Determine the correction in accordance with 35
B2/3 series TO. If the scale correction factor is larger than the
prescribed scale calibration accuracy, the scale should be
repaired and the aircraft must be reweighed with a known
serviceable scale.  If the correction is within the prescribed
limits, enter the data correction on the Form B.

6–4.2.1.14. Stow the equipment.

6–4.2.2. When weighing an aircraft with the electronic
weighing kit and axle jacks (see figure 6–8):

6–4.2.2.1. Position the aircraft in the hangar so the jacks do
not straddle any cracks in the floor.

6–4.2.2.2. Deflate the struts until they bottom out (see
appropriate aircraft TO). Experience has shown that the load
cell readings are not repeatable if the struts are not com-
pressed.

6–4.2.2.3. Set up the scale, attach the load cells to the kit and
jacks, and choose and attach the proper jack pad adapter (see
figure 6–2). Ensure the scale is within its calibration date.

6–4.2.2.4. Warm up the kit and make the entries in
accordance with the scale technical order.

6–4.2.2.5. Zero the scales.

6–4.2.2.6. Position the jacks directly below the axles.

6–4.2.2.7. Remove any chocks and release all brakes. This
is done to reduce load cell side loads ans ultimately reduce
work time.

6–4.2.2.8. Jack the aircraft in accordance with aircraft
jacking instructions. All jacks must be raised simultaneously
to prevent side loads in the load cells.

NOTE

� All hangar doors must be closed with no
blower or ventilating systems impinging on
the aircraft.

� Many scale manufacturers require exercising
the scales before recording any weight values.
To exercise the scales, lower the aircraft back
to the ground and repeat steps (6–4.2.2.5)
through (6–4.2.2.8).

6–4.2.2.9. Level the aircraft in accordance with the –5
series TO instructions and paragraph 6–5.

6–4.2.2.10. Read the scales and make dimensional mea-
surements in accordance with –5 series TO instructions and
paragraph 6–6.

6–4.2.2.11. Make the applicable Form B entries and verify
the weighing results (see paragraphs 6–4.1.10 and 6–10). If a
large discrepancy is noted, check to see where the error could
have occurred. If no error is found, reweigh the aircraft.
Unless specified in the applicable aircraft –5 series TO, a large
discrepancy is greater then 0.2 percent (0.4 percent for aircraft
with a Basic Weight less than 35,000 pounds) of the Basic
Weight or greater then 0.2 percent MAC (0.2 inches for
rotorcraft).

NOTE

� In the above paragraph, 0.2% MAC is the
difference between the calculated or antici-
pated center of gravity and the as weighed
center of gravity. As an example, if the
anticipated center of gravity is 29.3% MAC,
the permitted as–weighed center of gravity
may be between 29.1% MAC and 29.5%
(29.3% MAC +/– .2% MAC).If a discrepancy
is noted, accomplish the following:
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Figure 6–8. Electronic Weighing Kit with Axle Jacks
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a. Check calculations for errors.

b. Check weighing preparations for errors; i.e. residual
fuel or water, equipment, etc.

c. Check Chart C for errors.

d. Check scales for overdue calibration or scale mal-
function in accordance with scale   manufacturer’s
instructions.

� If no errors are found, reweigh the aircraft. If
the re–weigh weight is consistent with the first
weight, enter on the Chart C the average
values of the two weights. If the reweigh is not
consistent with the first weight, the aircraft
should be weighed again. The two most
consistent weights should be averaged and the
average entered in the Chart C.

6–4.2.2.12. Lower the aircraft and remove the jacks and
load cells from the aircraft.

6–4.2.2.13. Determine the correction in accordance with
35B2/3 series TO. If the scale correction factor is larger than
the prescribed scale calibration accuracy, the scale should be
repaired. Enter the data correction on the Form B.

6–4.2.2.14. Stow the equipment.

6–4.2.3. When weighing an aircraft with platform scales
(see figure 6–3) or stationary scales (see figure 6–4):

6–4.2.3.1. Ensure all the scales are within their calibration
date. If the scales are portable, set up the scales in accordance
with the scale technical order. Attach the platform to the
readout.

6–4.2.3.2. Warm up electronic scales.

6–4.2.3.3. Zero the scales.

6–4.2.3.4. Tow the aircraft onto the scales. Do not apply the
aircraft brakes because they may bind the scales and require
re–zeroing of the scales.

NOTE

Many scale manufacturers require exercising
the scales before recording any weight values.
To exercise the scales, remove the aircraft
from the scales and repeat steps (6–4.2.3.2)
through (6–4.2.3.4).

6–4.2.3.5. Level aircraft in accordance with the –5 series
TO instructions and paragraph 6–5.

6–4.2.3.6. Read the scales and make dimensional measure-
ments in accordance with the –5 series TO instructions and
paragraph 6–6.

6–4.2.3.7. Make the applicable Form B entries and verify
the weighing results (see paragraph 6–4.1.10. and 6–10). If a
large discrepancy is noted, check to see where the error could
have occurred. If no error is found, reweigh aircraft. Unless
specified in the applicable aircraft –5 series TO, a large
discrepancy is greater then 0.2 percent (0.4 percent for aircraft
with Basic Weight less than 35,000 pounds) of the Basic
Weight or greater then 0.2 percent MAC (0.2 inches for
rotorcraft).

NOTE

� In the above paragraph, 0.2% MAC is the
difference between the calculated or antici-
pated center of gravity and the as weighed
center of gravity. As an example, if the
anticipated center of gravity is 29.3% MAC,
the permitted as–weighed center of gravity
may be between 29.1% MAC and 29.5%
(29.3% MAC +/– .2% MAC). If a discrepancy
is noted, accomplish the following:

a. Check calculations for errors.

b. Check weighing preparations for errors; i.e. residual
fuel or water, equipment, etc.

c. Check Chart C for errors.

d. Check scales for overdue calibration or scale mal-
function in accordance with scale manufacturer’s
instructions.

� If no errors are found, reweigh the aircraft. If
the reweigh weight is consistent with the first
weight, enter on the Chart C the average
values of the two weights. If the reweigh is not
consistent with the first weight, the aircraft
should be weighed again. The two most
consistent weights should be averaged and the
average entered in the Chart C.

6–4.2.3.8. Remove the aircraft from the scales.

6–4.2.3.9. Determine the correction in accordance with the
appropriate TO or scale instructions. If the scale correction
factor is larger then the scale calibrated accuracy, the scale
should be repaired and the aircraft must be reweighed with a
known serviceable scale.  If the correction is within the
prescribed limits, enter the data correction on the Form B.

6–4.2.3.10. Stow the equipment.

6–5. AIRCRAFT LEVELING. All weight and balance
computations are based on measurements taken when the
aircraft is in a level position. This position is when the
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longitudinal and lateral axes of the aircraft are in a horizontal
plane or level. Leveling aids have been accurately installed in
the aircraft by the manufacturer, and with the proper use of
these aids, it can be determined when the aircraft is level.
Aircraft may be leveled with spirit levels, inclinometer,
digital protractor or plumb bob.

6–5.1. SPIRIT LEVELS, INCLINOMETER  OR  DIG-
ITAL PROTRACTOR. Leveling lugs may be located on the
inside or outside of the aircraft (see figures 6–9 and 6–10).
When the lugs are located inside the aircraft, it is often
necessary for the personnel observing the level to remain in
the aircraft while it is being weighed to avoid disturbing its
equilibrium. In this case, the weight and moment of the
observer must be subtracted from the total weight and
moment. To use the leveling lugs, place the leveling bar
squarely on the lugs. Then place the leveling device on the
leveling bar. The aircraft must be leveled both longitudinally
and laterally.

Figure 6–9. Leveling Lugs Inside Aircraft

Figure 6–10. Leveling Lugs Outside Aircraft

6–5.2. PLUMB BOB (see figure 6–11). Another device
provided for leveling of aircraft is a plumb bob. The primary
advantage of this type leveling over the spirit level type is that
it is more accurate whenever the drop length is greater than the
standard leveling lug span. To level an aircraft by using a
plumb bob, suspend the plumb bob from the upper bracket.
Then jack the aircraft so the point of the plumb bob is just
above the intersection of the cross lines on the lower index
plate. The aircraft will then be level laterally and longitudinal-
ly.

Figure 6–11. Plumb Bob Leveling

6–6. DIMENSIONS REQUIRED FOR CG LOCA-
TION. Three horizontal dimensions must be either mea-
sured or known to determine the horizontal location of the
as–weighed aircraft cg. They are:

6–6.1. The distance from the reference datum to some
known point (preferably a jig point) which is always listed on
the aircraft diagram contained in the applicable –5 series TO.

6–6.2. The distance from the jig point to a chalk line drawn
between the main reaction points.

6–6.3. The distance between the main and nose or tail
reaction points.
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6–7. PROJECTION OF POINTS TO THE
FLOOR. Horizontal dimensions are best determined by
projecting the points to be measured onto the hangar floor.
Reaction points may then be accurately located on the hangar
floor by measuring from the projected points.

6–7.1. PROJECTION OF THE REFERENCE POINT.
Suspend a plumb bob from the center of the jig point, keeping
the plumb bob approximately 1/8 inch above the floor.
Dampen out the swing of the plumb bob and make a cross
mark on the floor directly under the tip of the plumb bob. A
piece of masking tape may be placed on the floor upon which
the cross mark can be marked. Print the words “jig point” on
the floor, near the cross, to distinguish it from the other
reaction points.

6–7.2. PROJECTION OF THE CENTER POINT OF THE
MAIN REACTIONS. Suspend a plumb bob from the center
of each main reaction point to the floor, as described above.
It is necessary that a free fall be obtained for the plumb bob,
so interference by jacks must be avoided. Ensure the plumb
bob is dropped from the exact center of each reaction point.
If weighing on platform scales, drop the plumb bob from the
center of the axle. After the marks are placed directly under
the main reaction points, a chalked line is stretched between
these two points and drawn taut. The line is then snapped to
the floor, leaving a straight chalk line between the main
reaction points.

6–7.3. PROJECTION OF NOSE OR TAIL REACTION.
The nose or tail reaction point is projected to the hangar floor
in the same manner as described above. Ensure the plumb bob
is dropped from the exact center of each reaction point. If
weighing on platform scales, drop the plumb bob from the
center of the axle. This projection is then marked on the floor
with a small cross. Interference by jacks or platforms must be
avoided.

6–8. TAKING MEASUREMENTS. All measurements
should be taken with a steel tape. Two of the measurements to
be taken are listed as B and D on the Aircraft Weighing

Record. Distance B is the perpendicular distance from the
projected jig point to the chalk line between the main reaction
points. Distance D is the distance from the centerline of the
main reactions to the nose or tail reaction point. When
measuring these distances, the tape must be parallel to the
centerline of the aircraft. These measurements must be made
accurately to a tenth of an inch or better to ensure accurate
results in the computations, which determine the as–weighed
cg location of the aircraft. Measurements taken from the main
reaction points must be measured perpendicular to the chalk
line joining the two points. These measurements may be
determined quickly and accurately by placing the zero end of
the tape on the desired point and swinging the other end of the
tape across the main reaction chalk line in a small arc. The
shortest distance read off the tape where the tape crosses the
chalk line is the perpendicular distance from the point to the
line. Care must be taken to ensure the tape is clear of any
obstacles, and is taut and straight when taking measurements.

6–9. RECORDING WEIGHT AND DIMEN-
SIONS. All scale readings and dimensions should be
recorded immediately on the Aircraft Weighing Record. Only
the distances B and D need actually be measured. Distance I
(measured from the reference datum to the jig point) is
obtained from the aircraft CHART E Loading Data.

6–10. VERIFICATION OF WEIGHING RESULTS. If
data for comparison is available, an attempt must be made to
verify the data obtained from each weighing. Verification may
be made by comparing the calculated as–weighed weight and
cg (6.4.1.10) to the actual as–weighed weight and cg. If no
comparison is available, the aircraft will be weighed three
times and the average weight and moment will be used on the
Form B with an appropriate note made to this effect in the
remarks block.

NOTE

When using stationary beam balance pit
scales, the beam balance may be upset in lieu
of removing the aircraft from the scales.



T.O. 1–1B–50

7–1

SECTION VII
CENTER OF GRAVITY (CG) LOADING CALCULATIONS

7–1. PURPOSE. The purpose of this section is to de-
scribe the principles and calculations involved in (1) calculat-
ing the most forward and aft center of gravity (cg) conditions
for a particular aircraft mission (entered on the Form F for
some aircraft) and (2) determining appropriate methods of
correction for a mission whose cg is found to be outside the
allowable limits. This section deals primarily with Chart E
weight, arm, and moment calculations. When load adjusters
are used, refer to Section X.

7–2. LATERAL CG AND VERTICAL CG. Lateral  cg
and vertical cg, not controlled on most aircraft, are critical
with some and restricted to limits of operation just as the
longitudinal cg. Rotorcraft balance control often involves
tracking both the longitudinal cg and lateral cg, and clearance
for the F–111 is dependent upon the longitudinal, lateral, and
vertical center of gravity of the crew module. Such aircraft are
exceptions, and although the principles in the next paragraph
basically apply to lateral and vertical balance as well as
longitudinal, the calculations which follow are intended for
use in longitudinal cg derivations only. The extra weight and
balance maintenance and control necessary for lateral and/or
vertical cg calculations are called out in the applicable –5
series TO.

7–3. LOADING PRINCIPLES. The   following  prin-
ciples are derived from the more general balance principles
described in Section III. They show both the effects of loading
on an aircraft cg and methods of correcting unfavorable
loading conditions:

7–3.1. The distance of an item from the aircraft cg, not the
distance from the reference datum, determines the effect of
the item’s weight on the aircraft cg.

7–3.2. With a given item weight, the aircraft cg shift caused
by moving the item is directly related to the distance the item
is moved.

7–3.3. Any weight added forward of the aircraft cg would
move the cg forward. Conversely, any weight added aft of the
cg would move the cg aft.

7–3.4. Any weight removed forward of the aircraft cg would
move the cg aft. Conversely, any weight removed aft of the cg
would move the cg forward.

7–3.5. Any weight moved forward would move the aircraft
cg forward and any weight moved aft would move the cg aft.

7–3.6. A small weight moved a long distance can have as
much effect on the aircraft cg as a large weight moved a short
distance.

7–4. CHART E LOADING DATA. The CHART E
provides all the weight, arm, and moment data necessary to
perform cg loading calculations. It is predominantly in tabular
form, listing the standard weights, arms, and moments of load
items in such quantities and locations as are normally used.

NOTE

The weights listed in the CHART E are
standard weights. Actual weights should be
used whenever possible, especially when
dealing with variable weights such as the fuel
(density varying with temperature) and the
crew.

7–5. MOST FORWARD AND MOST AFT CG CAL-
CULATIONS. These calculations are designed to deter-
mine the most forward and most aft cg locations that could
normally occur during the mission under consideration. Each
computed cg should be carried to at least one decimal place
and checked against the allowable limits. As the gross weight
changes due to fuel use, expended ammo, and the release of
expendable stores, the allowable cg limits may change. If the
cg exceeds the limits, note it in the calculations but do not
begin correction until all the cg calculations are completed.
Then make the necessary corrections and run through cg
calculations again to check the corrected condition. The
following calculations deal specifically with CHART E data.
The principles described also apply to calculations using a
load adjuster; however, clearer calculating procedures for
most forward and most aft cg calculations using load adjusters
are included in Section X.

7–5.1. TAKEOFF GROSS WEIGHT CONDITION. Prior
to any mission cg calculations, a takeoff condition must be
determined. This is done by adding the various loading data
weights and moments to the current CHART C basic weight
and moment and computing the takeoff gross weight cg.

7–5.2. LANDING GEAR EXTENSIONS. Unless specifi-
cally stated in the –5 series TO, the takeoff condition is
determined with the landing gear up. The lowering or
extension of the landing gear causes an aircraft cg shift due to
a moment change listed in the CHART E. Add this moment
with the takeoff gross weight moment to get a gear–down



T.O. 1–1B–50

7–2

condition moment, and compute the cg. If the cg moves aft,
the gear–down condition is the aft cg condition, while the
gear–up is the forward cg condition. If it moves forward, then
the reverse is true. If there was no apparent cg shift, then the
gear–up condition is both the forward and aft cg conditions.

7–5.3. FUEL USE. Delete from the forward and aft cg
conditions the weight and moment for the usable fuel. The
new weights and moments represent the forward and aft cg
zero fuel conditions. Add to these conditions the partial fuel
quantities (taken from the CHART E fuel tables) which cause
the most forward and aft cg shifts. These quantities may not
be explicitly called out, but must be found by trial and error.
However, these quantities will remain approximately the
same for all missions. These calculations result in the forward
and aft cg fuel use conditions. Compute the cg’s.

NOTE

� The fuel quantity whose own cg is the most
forward or most aft is not necessarily the
quantity which will cause the most extreme
aircraft cg condition. The aircraft cg move-
ment is dependent on the weight of the fuel as
well as its cg location.

� When fuel tables reflecting the effects of
different aircraft attitudes (angles of attack)
on the fuel cg are listed in the CHART E, these
tables must be evaluated along with the
standard level–flight fuel tables to determine
the forward and aft cg fuel use conditions.

7–5.4. EXPENDED AMMO. The cg movement caused by
ammo used must be considered. Subtract the weight and
moment of the rounds carried from the two conditions derived
in the previous paragraph and add the weight and moment of
the cases, if retained. Compute the new conditions’ cg and
determine the direction of the cg shift. If the ammo used
causes an aft cg shift when applied to the aft cg condition, the
ammo used condition is the new aft cg condition. If the ammo
used causes a forward cg shift when applied to the forward cg
condition the ammo used condition is the new forward cg
condition. If it causes a forward cg shift to the aft cg condition
or an aft cg shift to the forward cg condition, the forward and
aft cg conditions remain as before. If there is no apparent cg
shift when applied to the forward (or aft) cg condition, then
the ammo used is not required for consideration of forward
and aft cg calculations.

7–5.5. EXPENDING STORES. The calculations to deter-
mine the cg effect of the release of stores involves a number

of computations covering each step of the prescribed release
sequence. If no sequence is prescribed in the aircraft’s –5
series TO, the sequences which cause the most forward and aft
cg movement must be determined and their effects calculated.

7–5.6. PERSONNEL MOVEMENT. In most cargo, trans-
port, and similar aircraft, personnel (crew/troops/passengers)
have the freedom to move about inside the aircraft at times
during the flight. This movement can have considerable effect
on the aircraft cg and should be evaluated. Included in the
CHART E are tables which list moment changes resulting
from the movement of standard weight personnel from one
aircraft compartment to another. These moments are positive,
or added, when the personnel movement is aft, while they are
negative, or subtracted, when the movement is forward.

7–5.7. CORRECTIONS. Corrections must be made if the
calculated forward and/or aft cg falls outside the allowable cg
limits. Some aircraft are equipped to carry variable ballast,
which can be used to bring the cg within limits. In cargo,
tanker, and transport aircraft, the cg can be shifted through the
relocation of cargo, fuel and personnel. The use of alternate
fuel and expendable stores sequences can also be used to
negate some of the adverse effects of fuel use and store
release. However, whenever corrections are made, the
mission calculations must be modified and checked so that cg
limits are not exceeded in other parts of the mission profile.

7–5.8. SHIFT EQUATION. When the cg of a loaded aircraft
does not lie within the prescribed limits, and certain load items
can be moved about, the cg may possibly be corrected by
shifting weight from one compartment or position to another.
The following equation can be used to determine how much
weight to shift how far:

W x D= TW x CGch

W is the shifted weight, in pounds. D is the distance in inches
the weight W is shifted. TW, in pounds, is the total aircraft
weight. CGch is the number of inches that the aircraft cg
changes due to the shifted weight. This equation can be
rearranged to simplify its application into the following
equations.

7–5.8.1. TO find how much weight need be shifted a known
distance D to attain the desired cg change (CGch):

W= CGch x TW
D
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7–5.8.2. To find the distance a known weight W must be
shifted to attain the desired cg change (CGch):

D = CGch x TW
W

7–5.8.3. To find the center of gravity change caused by
shifting a known weight a known distance:

CGch = W x D 
TW

7–5.9. BALLAST EQUATION. If weight cannot be shifted
to correct a cg outside its limit, the load must either be changed
or, ballast may be added.

NOTE

It is the responsibility of the weight and
balance technician to determine the proper
amounts of ballast required to maintain the
aircraft within the prescribed cg limits
throughout its flight.

If ballast must be used to move the aircraft cg within its limits,
the following equation may be used to determine how much
ballast must be added to what location.

GW (CGgw–X) = Wb (X–CGb)

GW is the gross weight in pounds of the aircraft before ballast
is added. CGgw is the cg in inches of the aircraft without
ballast. X is the desired aircraft cg in inches. Wb is the weight
in pounds of the added ballast. CGb is the ballast cg in inches.
This equation can be rearranged to simplify its application
into the following equations:

7–5.9.1. To find the necessary weight of ballast to be added
at a specific location CGb:

Wb = GW (CGgw–X) 
X–CGb

7–5.9.2. To find the location where a given ballast Wb must
be place to move the aircraft cg to a desired location:

CGb = X + GW (X–CGgw) 
Wb

7–6. SAMPLE. This sample deals with an FX–1 air
superiority configured aircraft. It is armed with four AIM–9J
missiles and full ammo, and also carries chaff and flares. The
Basic Weight from the Chart C is 15,023 pounds with a
moment of 49,208 inch–pounds/100. The forward cg limit is
19.6 percent MAC up to 21,000 pounds, and then increases
linearly to 31.2 percent MAC at 33,000 pounds for in–flight
and 32.5 percent MAC at 33,000 pounds for takeoff and
landing. The aft cg limit is constant at 39.5 percent MAC. The
MAC and leading edge of the MAC (LEMAC) are 135.84 and
273.11 inches, respectively. Percent MAC is defined as:

Percent MAC = (Balance Arm–LEMAC) x 100 
MAC

7–6.1. The takeoff condition is derived as follows:

Weight Mom/100

BASIC WEIGHT 15,047    49,298

PLUS:

Crew       215         296

Ammo (retained)        130         331

Ammo  (expendable)        157         400

Full Fuel     7,294  23,166

Msl Adpter @ BL 157 51 192

Launcher @ BL 157 139 493

AIM–9 @ BL 180 338 1,227

AIM–9 @ BL 157 338 1,194

Chaff/Flares       24      110

TAKEOFF CONDITION 23,733 76,707

CG 323.21 inches

% MAC = (322.55 – 273.11) x 100 = 36.39
135.84
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7–6.2. The landing condition is defined as minus all
expendable stores and with 1261 pounds of fuel remaining:

Weight Mom/100

TO CONDITION 23,733 76,707

MINUS:

AIM–9 @ BL 157 – 338 – 1,194

AIM–9 @ BL 180 – 338 – 1,227

Ammo (expendable) – 157 – 400

Full Fuel – 7,294 – 23,166

PLUS:

1261 lbs fuel    1,261    4,033

LANDING CONDITION 16,867 54,753

CG 324.62 inches

% MAC = (324.57 – 273.11) x 100 = 37.92

135.84

7–6.3. The takeoff cg and landing cg are thus within the
allowable limits.

7–6.4. The next step is to make the calculations described
for the most forward and aft center of gravity.

7–6.4.1. The landing gear retraction is defined in the
CHART E as causing a minus 15,700 inch–pound moment
change. Thus, the aft cg condition remains at the takeoff
condition, while the forward cg condition becomes:

Weight Mom/100

TAKEOFF CONDITION 23,733 76,707

Landing Gear Retract            0   – 157

FORWARD CG CONDITION 23,733 76,550

CG 322.55 inches

% MAC = (322.55 – 273.11) x 100 = 36.39
135.84

7–6.4.2. The fuel condition which will produce the most aft
cg shift is determined to be 1975 pounds and 6494 inch–
pounds/100.

Weight Mom/100

AFT CG CONDITION 23,733 76,707

MINUS:

Full Fuel    – 7,294   – 23,166

PLUS:   

1975 lbs Fuel  + 1,975   + 6,494

NEW AFT CG CONDITION 18,414 60,035

CG 326.03 inches

% MAC =     (326.03 – 273.11) x 100 = 38.96
135.84

The most forward cg shift is caused by 5829 pounds and
18,143 inch–pounds/100 of fuel. However, the cg of this fuel
quantity is at 311.25 inches (28.08 percent MAC) which is
within the allowable forward cg limit at 21,383 pounds. If the
aircraft cg would exceed the forward limit without fuel, the
addition of this quantity of fuel could cause the aircraft cg to
shift aft to within the forward limit. Therefore, a zero fuel
gross weight will be used to compute a forward cg location.
If the forward cg location is aft of 311.25 inches, the 5829
pounds of fuel will be included.

Weight Mom/100

FORWARD CG CONDITION 23,733 76,550

MINUS:

Full Fuel     – 7,294   – 23,166

NEW FORWARD CG CON-
DITION 

16,439 53,384

CG 324.74 inches

% MAC =     (324.74 – 273.11) x 100 = 38.01
135.84
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7–6.4.3. The expendable ammo is located forward of the
forward cg limits, so the forward cg condition remains with
full ammo as in previous paragraph. The new aft cg condition
is derived to reflect ammo used (the FX–1 retains ammo
cases):

Weight Mom/100

AFT CG CONDITION 18,414 60,035

MINUS:

Ammo (expendable)       – 157      – 400

NEW AFT CG CONDITION 18,257 59,635

CG 326.64 inches

% MAC =     (326.64 – 273.11) x 100 = 39.41
135.84

7–6.4.4. The four AIM–9 missiles are located aft of the aft
cg limit, so their firing causes a forward cg shift. The new
forward cg condition then becomes:

Weight Mom/100

FORWARD CG CONDITION 16,439 53,384

MINUS:

AIM–9 (4)     –   676   – 2,421

NEW FORWARD CG CON-
DITION 

15,763 50,963

CG 323.31 inches

% MAC =     (323.31 – 273.11) x 100 = 36.96
135.84

The aft cg condition remains with the four missiles as before.

7–6.4.5. Since the forward cg condition will not now exceed
the forward limit, the 5829 pounds of fuel should be added to
give a true forward cg condition:

Weight Mom/100

FORWARD CG CONDITION 15,763 50,963

PLUS:

5829 lbs Fuel    + 5,829   + 18,143

NEW FORWARD CG CON-
DITION 

21,592 69,106

CG 320.05 inches

% MAC =     (320.05 – 273.11) x 100 = 34.56
135.84

7–6.5. Thus, both the forward cg and aft cg are within the
allowable limits. However, suppose the pilot weighed in at
185 pounds, instead of 215. That would mean a 30 pound
weight reduction, and a 4100 inch–pound moment reduction
from what was calculated. With the pilot being forward of the
MAC, the cg shift would be aft. The new aft cg condition
would then be:

Weight Mom/100

AFT CG CONDITION 18,257 59,635

MINUS:

Crew Weight Reduction        – 30       – 41

NEW AFT CG CONDITION 18,227 59,594

CG 326.95 inches

% MAC =     (326.95 – 273.11) x 100 = 39.63
135.84

This is 0.13 percent MAC aft of the allowable aft cg limit.
Thus, the calculations could have been performed and
clearance given to the flight using the standard pilot weight,
but because of the lighter weight pilot, the aircraft cg could
have gone aft of the aft limit in flight.
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SECTION VIII
AUTOMATED WEIGHT AND BALANCE SYSTEM (AWBS)

8–1. PURPOSE. The purpose of this section is to discuss
and provide information about the Automated Weight and
Balance System (AWBS).

8–2. INTRODUCTION. The AWBS (CPIN 88Z–AWBS/
DD365/PCSSE–F001–00A) is a computer program used to
maintain weight and balance records for both fixed and rotary
wing aircraft.  It accomplishes this by utilizing a desktop
computer to accomplish various calculations and fill in the
necessary weight and balance charts and forms dealing with
aircraft weight and balance.

8–2.1. Aircraft weight and balance data are stored on
magnetic media and may be updated via the computer thus
achieving two main objectives:  reducing mathematical errors
and increasing efficiency.

8–2.2. The system is designed to support all U.S. military
services and government agencies.  AWBS (CPIN
88Z–AWBS/DD365/PCSSE–F001–00A) has been approved
by ASC/ENFS as the standard automated weight and balance
computer program to be used by U.S. Government agencies
and their contractors  The AWBS will be made available to
foreign government and contractors provided they comply
with the procedures as stated at the end of this section.  The
printouts of the program are authorized in lieu of the DD 365
Personnel Record, DD 365–1 Chart A, DD 365–2 Form B,
DD 365–3 Chart C, and the DD 365–4 Form F. Only the latest
version of AWBS is authorized for use. Once an update has
been released, users have 90 days to install/upgrade to the
latest version of AWBS. All older versions will become
obselete on 30 June 2003 and will no longer be valid for use.
To see what the latest version and release dates are, check any
of the following websites: 
https://www.en.wpafb.af.mil/weight/topics_interest.asp or
http://engineering.wpafb.af.mil/weight/weight.asp or
https://awbs.hill.af.mil/ .

8–2.3. The following is a general guide for the AWBS. A
more detailed explanation can be found in the program’s help
menu.  The program is designed with online help to guide you
through all aspects of the program.

NOTE

It is recommended that personnel using this
program first attend a Basic Windows training
course.

8–2.4. The AWBS shall not be duplicated or given to other
units.

8–3. BASIC CONCEPTS. AWBS functions almost
identically to the manual method of performing aircraft
weight and balance.

8–3.1. The printed forms it produces were designed to be as
similar to their DD Form 365 series counterparts as possible
without compromising the benefits of being automated. They
are designed to be on regular 8 ������ x 11 inch bond paper
and to replace the usage of DD Forms 365, 365–1, 365–2,
365–3 and 365–4.

8–3.2. AWBS is MDS (Mission, Design, Series) and serial
number driven.  This means that at any time during your usage
of AWBS, it will only concern itself with the MDS and aircraft
serial number that it is currently selected.

8–3.3. AWBS will not replace the Weight and Balance
Handbook, nor will it or should it replace the user’s
knowledge of performing aircraft weight and balance.  It is
simply a tool to perform weight and balance tasks more
efficiently and accurately.

NOTE

Use of AWBS does not relieve the Weight and
Balance Technician of responsibility for de-
termining safe weight and balance conditions.

8–4. SYSTEM REQUIREMENTS. Before you install
AWBS, make sure that your computer meets the minimum
requirements. To run AWBS, you must have certain hardware
and software installed on your computer.

8–4.1. Minimum Required System:

� Pentium Processor.

� Microsoft  Windows 95.

� RAM: 32MB.

� A CD ROM drive.

� Monitor:  800 x 600 minimum resolution.

8–4.2. Peripherals:

� Microsoft Compatible Mouse.
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� Windows compatible printer (Laser printer is
highly recommended).

8–5. INSTALLATION PROCEDURES. The Setup pro-
gram installs AWBS, the Help system and other required
components from the distribution media to your hard disk.

NOTE

You cannot simply copy files from the dis-
tribution disks to your hard disk and run
AWBS.  You MUST use the Setup program,
which decompresses and installs several files
in the appropriate directories.

8–5.1. To set up AWBS :

a. Insert the AWBS CD–ROM into your CD–ROM
drive.  AWBS installation should begin automatically.

b. If setup does not automatically start, click on the Start
button

c. Click Run, then Browse to the setup.exe on the
CD–ROM.

d. Select setup.exe, then click Open from the Browse
dialog, then click OK on the Run dialog to begin
installation.

8–6. VERSION COMPATIBILITY. Knowing what ver-
sion of AWBS you are using is important.  There may be
instances where you might receive a disk for an aircraft
utilizing version 6.0 or 7.0a.  The latest version of the AWBS
will import 6.0 files. Once 6.0 files are imported, they cannot
be exported in AWBS 6.0 format. Because there are major
differences between various versions, some information may
not be converted.  Version 7.0a databases can also be
converted into the latest version using the conversion utility.
When converting 7.0a to the latest version, all data will be
converted.  Once you have imported or converted your data
into the latest version of the AWBS, you will not be able to
convert back to an earlier version. Please review all data for
accuracy after completing the conversion.

8–7. GENERAL GUIDELINES. Documentation and in-
structions of the program may be found in the program
on–line help section delivered with the software. They can
also be found in the Weight and Balance AWBS and AWBS
Form F folders and at: https://awbs.hill.af.mil. The new
weight and Balance Software Website is ready for use by
DOD and it’s authorized contractors. This website contains
the latest information on the AWBS.

8–8. DISTRIBUTION OF THE AWBS. The Automated
Weight and Balance System may be obtained as follows:

8–8.1. MILITARY ORGANIZATION DISTRIBU-
TION.  United States Military organizations can order the
AWBS through the organizations TODO (Technical Order
Distribution Office) using Computer Program Identification
Number (CPIN) 88Z–AWBS/DD365/PCSSE–F001–00A.

8–8.2. DOD CONTRACTOR DISTRIBUTION.  DOD
Contractors may request the program by sending a letter to the
address below.  The letter of request shall include the
requester’s name, mailing address (Organization, Street
Address, City, State, Zip Code with 4 digit extension and
Country), and phone number.  In addition, the requester will
be required to fill out a STATEMENT OF TERMS AND
CONDITIONS FOR AIR FORCE SOFTWARE prior to
release of the AWBS.  The statement will be sent out by
ASC/ENFS.

8–8.3. FOREIGN GOVERNMENTS AND FOREIGN
CONTRACTOR DISTRIBUTION. Foreign governments
and foreign contractors may request the program by sending
a letter through the country’s embassy to the address below.
The letter of request shall include the requester’s name,
mailing address (Organization, Street Address, City, State,
Zip Code with 4 digit extension and Country), and phone
number.  In addition, the requester will be required to fill out
a STATEMENT OF TERMS AND CONDITIONS FOR AIR
FORCE SOFTWARE prior to release of the AWBS.  The
statement will be sent out by ASC/ENFS.

8–8.4. MAILING ADDRESS:

ATTN:
AUTOMATED WEIGHT AND BALANCE SYSTEM
ASC/ENFS
2530 LOOP ROAD WEST
WRIGHT PATTERSON AFB, OH  45433–7101

8–8.5. DOD AND DOD AUTHORIZED 
CONTRACTORS.  The new Weight and Balance Software
Website is ready for use by DOD and it’s authorized
contractors. This website contains the latest information on
the AWBS. It contains technical support, training resources,
Frequently Asked Questions (FAQ) and software downloads.
Once registered, you will be notified via e–mail of new
software releases, technical interchange meetings, and con-
ferences. New software releases will be available on the
website for immediate download. This site is the first place a
user should visit when experiencing difficulties with any of
our weight and balance software packages. You can post
questions to the site and have them answered directly by the
weight and balance software developement team. This site
provides a readily available resource 24 hours a day.
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SECTION IX
FORM F WEIGHT AND BALANCE COMPUTERS (FORM F GENERATORS)

9–1. PURPOSE. The purpose of this section is to discuss
and provide requirements for computer programs that gener-
ate weight and balance data intended for use in completing the
Form F for a single model (MDS) of aircraft such as a
KC–135, F–16, or VC–25 (Example is shown in Figure 9–1).
The Form F weight and balance computer is developed to
enable the pilot, crew chief, or loading personnel to (1) direct
the load and (2) control the weight and cg of a particular model
aircraft. Through the computer, one can rapidly and accurate-
ly determine if the weight and cg are within the loading range
for any loading condition; the loading for any desired cg
location; the effects of any weight or location changes for such
items as crew, fuel and cargo during flight and what steps
would be necessary to keep the aircraft within the safe loading
range. A weight and balance computer is sometimes referred
to as an electronic load adjuster or Form F generator.

9–2. AUTHORITY FOR USE. All new weight and
balance computer programs must have the approval of the
organization that has engineering responsibility for the
baseline aircraft before it maybe used. All program changes
must have prior approval before incorporation.

9–3. OBJECTIVE. Currently the objective of the weight
and balance computer is to replace the mechanical load
adjuster and to eliminate the need to physically complete a
Form F prior to each flight.

9–4. CALCULATIONS. The design data upon which the
balancing computer is developed shall be based upon the
aircraft –5 series Technical Order.

9–5. PROGRAM CHANGES. The program shall be
written to prohibit field changes to the approved and validated
program. This will insure uniformity and allow program
control and verification. To the maximum extent possible, the
program shall be designed to allow for future changes in the
aircraft. For example, the original aircraft center of gravity
may change or new stores may be added to the aircraft load.

9–6. EASE OF OPERATION. To the maximum extent
possible, the program shall be designed for ease of use.
Required keystrokes shall be minimized and required inputs
shall be prompted for by the program. Once the outputs have
all been displayed, provisions will be made to redisplay them
without repeating all of the calculations.

9–6.1. To facilitate ease of operations, the computer pro-
gram should, to the maximum extent possible, follow the

format of the Form F. Either the transport or tactical form shall
be used as appropriate. Calculated values on the form such as
Operating Weight and moment, and Total Aircraft weight and
moment shall be determined by the calculator. Subsequent
changes to a value used in determining a calculated value shall
result in the calculated value being automatically updated. For
example, once an initial calculation has been made, updating
the fuel weight will result in correction of the aircraft weight.

9–6.2. To the maximum extent possible, the computer shall
not require input of standard items. Thus if the computer is
designed for a single aircraft, the normal index or moment of
standard items such as crew, oil, stores, etc. will be used by the
computer and will not be entered by the user. To further
facilitate ease of use, the computer may use input items such
as compartments or stations which the user may readily know
and which the computer will convert to the appropriate arm.
Once an item has been input, the program will check the input
value against acceptable limits to verify its validity.

9–7. COMPUTATIONAL REQUIREMENTS. The
weight and balance computer shall be designed to provide
rapid operation for the following:

Determination of the weight and center of gravity location for
any loading condition.

Adjust the center of gravity of any increase, decrease, or
relocation of fuel, passengers, crew, stores, or any other load.

Determine the required shift of fuel, passengers, crew or any
other load item during flight operations to maintain the center
of gravity within the permissible limits.

Determine the center of gravity limitations throughout the
allowable weight range. If the center of gravity is effected by
other factors like wing movement, these factors shall be taken
into account.

NOTE

For some aircraft lateral weight and center of
gravity may be as important as longitudinal
center of gravity.

Calculation of in–flight weight and center of gravity for
standard fuel usage to ascertain center of gravity does not go
outside of envelope for proposed mission.

All aircraft limitations shall be included such as floor loading,
compartment capacities, pylon capacity and caution zones.
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EXAMPLE

Figure 9–1. Computer Generated Form F
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9–8. ACCURACY. The accuracy of the balancing com-
puter shall be such that center of gravity locations determined
by the balancing computer shall not vary from the center of
gravity locations by more than 1/10 of 1 percent of the mean
aerodynamic chord of the airplane to which the balancing
computer applies. Weights, arms and simplified moments
shall be displayed to the nearest whole number, however, the
computer program shall be more accurate. This may result in
the displayed values not agreeing mathematically but will
meet the required accuracy. For example, if the weight is 5.6
and the arm is 278.6 and the moment is to be displayed as
moment/100 then the actual moment is 15.6016. The comput-
er will display the weight as 6, the arm as 279, and the moment
as 16. The apparent result appears incorrect since 6 x 279
should yield a moment of 16.7. The actual internal result
however, will be mathematically correct and the apparent

percentage of inconsistency as displayed will normally not be
this large since, unlike the example, many inputs will be in
thousands of pounds not tens of pounds.

9–9. INSTRUCTION BOOK. An instruction book shall
be developed for each weight and balance computer. This
book shall contain detailed instructions for operating the
computer. Solutions of sample problems shall be included
along with appropriate illustrations to improve clarity and
effectiveness. This instruction book shall be submitted to the
office of engineering responsibility for approval prior to use.

9–10. COMPUTER. If the computer is to be used in–
flight the computer shall not produce electromagnetic inter-
ference problems with the aircraft and the display must be
compatible with crew use.
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CHAPTER X
LOAD ADJUSTER

10–1. PURPOSE. The purpose of the adjuster is to
enable the pilot, crew chief, or loading personnel to (1) direct
the load and (2) control the cg location of a particular model
aircraft. Through the load adjuster, one can rapidly and
accurately determine: if the cg is within the loading range for
any loading condition; the loading for any desired cg location;
the effects of any weight or location changes for such items as
crew, fuel and cargo during flight and what steps would be
necessary to keep the cg within the safe loading range.

10–2. DESCRIPTION. There are two types of load
adjusters: The more common slide–rule type (see figure
10–1) and the circular type. All load adjusters operate on the
principle of the addition and subtraction of moments for
CHART E load items to and from the aircraft basic moment.
This is done through the use of the index number scale.

FRONT

BACK

Figure 10–1. Load Adjuster

10–2.1. BASE. The base is the part of the load adjuster that
the slide and indicator move over during computation and
where the index number scale is located.

10–2.1.1. SLIDE–RULE TYPE. Printed on the top front of
the slide–rule type base is the applicable aircraft; on the
bottom, the index number scale. On the back of the base is a
diagram of the fuselage showing the compartments and their
centroids and the fuselage station and/or balance arm scale.
The index formula is printed in the recess under the slide and
is expressed in terms of the aircraft weight and arm. Also in
the recess is a gross weight vs cg grid: The horizontal lines
represent the gross weight and the slanted lines represent the
cg (in inches and percent MAC). A loading range grid, printed
on the top front of the base, presents the gross weight vs cg

grid without all the slanted cg lines. It is used to determine if
a particular loading condition will exhibit safe flight charac-
teristics (see paragraph 10–3).

10–2.1.2. CIRCULAR TYPE. On the front and back edges
of the circular type base is the index number scale. Also on the
base are the aircraft model and the index formula.

10–2.2. SLIDE. The slide is the part of the load adjuster on
which the CHART E load item scales are located, as well as
the basic weight vs simplified moment scales. The purpose
and use of these scales are described in paragraph 10–5.

10–2.2.1. SLIDE–RULE TYPE. The slide of the slide–rule
type load adjuster is set into grooves in the base. Usually, the
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basic weight vs simplified moment and the miscellaneous
loading scales are located on one side, while the fuel, crew,
and cargo compartment loading scales are located on the
other. A vertical gross weight scale is located on the left end
of one side of the slide and is used with the gross weight vs cg
grid in the recess of the base (see paragraph 10–3).

10–2.2.2. CIRCULAR TYPE. There are two slides to the
circular type load adjuster which are attached to the front and
back of the base by a rivet. Basic weight vs simplified moment
scales are usually located on the same slide as compartment/
bomb bay scales. On the other slide are the remaining CHART
E loading scales and also a gross weight vs cg grid (or
equivalent index number and gross weight to cg conversion
system).

10–2.3. INDICATOR. The indicator is the piece of clear
plastic that moves over the slide and the base. Inside the
plastic and perpendicular to the loading and index number
scales is the indicator hairline, used to line up the settings and
determine the readings for all load adjuster computations.

10–2.4. CARRYING CASE. The load adjuster is furnished
with a leather or neolite case and a metal wall clip for storage.
On the case is a transparent pocket for an identification card
and a strap that fits over the tongue of the clip.

10–2.5. CLEANING THE LOAD ADJUSTER. Wash the
indicator with a soft, grit–free cloth, chamois, or sponge,
using soap and water. Automobile or furniture wax covers
minor scratches and helps prevent further abrasion. To clean
the faces of the slide and base, use caustic–free soap with cold
water and wipe dry with a soft cloth or tissue paper.

NOTE

Do not wash with such cleaners as acetone,
benzene, lacquer thinner, or kitchen cleaners
as they would damage the surface.

10–3. LOADING RANGES. The gross weight vs cg
grids (or their equivalents) are used to determine the cg for a
particular takeoff or landing condition and if the aircraft will
exhibit safe flight or landing characteristics. This is done
through color–coded loading ranges.

10–3.1. SAFE LOADING RANGE (WHITE). A loading
computation ending with the indicator hairline intersecting
the appropriate gross weight in the white area of the grid
indicates a safe loading arrangement. Since the edges of this
white area define the limiting cg conditions for safe flight and
landing characteristics, the preferable gross weight condi-
tions are those represented in the middle of the white area.

10–3.2. CAUTION LOADING RANGE (YELLOW). A
computation ending in a yellow area indicates a loading
condition which requires restricted aircraft operations. Such
restrictions are called out in the aircraft –5 series TO.

10–3.3. DANGER LOADING RANGES (RED). A com-
putation ending in the red area indicates critical operation
conditions. The loading must be redistributed if the hairline
intersects the gross weight in this red region. This is
mandatory.

10–4. LOAD ADJUSTER INDEX. The load adjuster
index is a number that reflects the total aircraft condition and
should not be confused with the simplified moment.

10–4.1. INDEX FORMULA. The index formula is the
master formula for the index number scale and is defined as
follows:

Index Number = C– Basic Weight x (A – Basic Arm) 
B

It is printed on the base of both the slide–rule type and circular
type load adjusters and in the accompanying instructions. It
can be used to directly compute corresponding indexes for
conditions where the aircraft weight and moment are known.
A, B, and C are constants determined for a specific aircraft and
defined as follows:

10–4.1.1. A is the distance, usually measured in inches,
from the usual longitudinal reference datum to a new
longitudinal datum used specifically with the load adjuster.
This new reference datum is usually located at the aft cg limit
of the aircraft.

10–4.1.2. B is a reduction factor, which makes the index
number easier to handle. Just as a true moment is divided by
a factor to get a simplified moment, the load adjuster moment
(calculated with the distance from the load adjuster reference
datum as the arm) is divided by B to get a raw index number.

10–4.1.3. C is added to the raw index number to keep it
positive. The raw index number (Basic Weight x (A – Basic
Arm) ÷ B) can be positive or negative, depending upon
whether the cg is to the left or right of the load adjuster
reference datum.

10–4.2. BASIC INDEX. The basic index is the reading from
the load adjuster’s index scale, which corresponds, to the
current aircraft basic weight and basic moment. To find this
index, either the basic weight vs basic simplified moment
scales or the index formula can be used. The operations
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involved in finding the basic index through the load adjuster
scales are as follows:

10–4.2.1. Move the indicator hairline over the arrow at zero
on the index number scale.

10–4.2.2. Move the slide until the basic weight is under the
hairline.

10–4.2.3. Move the indicator until the hairline is over the
basic simplified moment. If it is not on the same scale as the
basic weight, move the indicator to the highest simplified
moment on the scale. Notice that the next basic weight vs
simplified moment scale (directly below) starts with the same
simplified moment. Move the slide until the hairline is
directly above this simplified moment on the lower scale.
Repeat as often as necessary until the hairline is over the basic
moment.

10–4.2.4. The number on the index number scale under the
hairline is the basic index.

10–4.3. RUNNING INDEXES. The running indexes are the
readings taken from the index scale and recorded on the Form
F as the form is completed. They relate to the moments of the
basic aircraft loaded with all items listed up to and including
those specified at that particular loading stage.

10–4.4. GROSS INDEX. The gross index is the running
index corresponding to the takeoff or landing condition for a
particular aircraft mission. It can be found by using the basic
index and the load adjuster CHART E scales, the basic weight
vs simplified moment scales or the index formula.

10–5. CHART E SCALES (LOADING SCALES). On
the slide, along with the basic weight vs simplified moment
scales, are the CHART E or loading scales. Through these
scales the cg effects of various combinations of loads can be
determined. Each scale has an arrow indicating both the zero
mark and the direction in which the indicator is moved for the
addition of the load item.

10–5.1. OIL LOADING SCALE. If the oil is not included
in the aircraft basic weight, oil loading scale will have to be
used. The oil loading is usually presented in a single scale,
since oil tanks are often close to one another and equal in
capacity. For some aircraft, the oil load index contribution is
negligible and the scale is omitted and replaced by an
explanatory note.

10–5.2. CREW LOADING SCALES. The crew loading
scales are graduated in pounds, crew position, or both. They
are usually one continuous scale or multiple scales (corre-

sponding to the crew positions) with the standard weight for
each located over the zero mark for the next. In both cases, a
full crew can be computed with only one indicator movement.

10–5.3. PERSONNEL LOADING SCALES. This category
refers to all non–flight crew personnel. It includes such
personnel as console operators, ground troops, paratroops,
litters and litter attendants. Usually each is a separate scale
graduate in pounds, personnel position, or both. Each
individual scale may be divided into smaller scales represent-
ing row or compartment position. These smaller scales are
generally attached so that the normal row or compartment
load setting is directly over the zero mark for the next row or
compartment. Thus, the effect of the normal number and
location of particular personnel can be determined in one
indicator movement. This cannot be done, however, if there
are vacancies or overloads, or if the normal number of
personnel are not seated in their normal locations. If there is
any uncertainty about the normal number or location of
personnel, the effects should be determined by individual row
or compartment. On some load adjusters, the personnel
loading scales are combined with the compartment loading
scales, and may be graduated in both the number of personnel
and pounds of cargo by compartment, or only in pounds.

10–5.4. COMPARTMENT LOADING SCALES. The
compartment loading scales are based on the average arms of
cargo loaded into compartments. Often these arms are
measured to the geometric center of the compartment.
Usually the effects on the running index of items such as
baggage and special equipment are determined through
compartment scales. The scales are graduated in pounds,
extend to the left and the right of a common vertical zero mark,
and labeled corresponding to the aircraft diagram on the back
of the base.

10–5.5. AMMUNITION LOADING SCALES. The am-
munition is usually represented in a single loading scale since
it is normally fed from a common bay or the bays are close
enough to use an average arm. The scale may be graduated in
pounds, rounds, or both. Care should be taken in determining
the effects of expending ammunition using a load adjuster if
cases can be retained or expended for different missions.

10–5.6. BOMB LOADING SCALES. The bomb loading
scales reflect the effects on the running index of such stores
as bombs, depth charges, torpedoes, and mines. They are
usually graduated in pounds.

10–5.7. FUEL LOADING SCALES. The fuel loading
scales may be graduated in pounds, gallons, or both. Most are
in pounds, with different full fuel loads marked for different
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fuel densities. When the tanks are not represented on one
continuous scale, the filling sequence moves down the slide
face. Most arrangements for non–continuous fuel scales
either extend from a common vertical zero mark or are
connected with the maximum fuel mark of one scale directly
over the zero mark for the next. With alternate fuel tank
configurations, the configuration used when the fuel tank was
calibrated is noted near the fuel tank scale. If the fuel in a tank
has a near constant cg located on or very near the load adjuster
reference datum, the index contribution will be negligible and
will be noted as such.

10–5.8. MISCELLANEOUS LOADING SCALES. This is
a general category referring to load items peculiar to a
particular aircraft design, mission, or configuration, such as
injection water, potable water, RATO, JATO, chaff and flares.

10–5.9. CREW/PERSONNEL MOVEMENT SCALES.
The movement of crew and mission personnel changes the
arms for their respective weights and also changes the aircraft
moment and cg. That is why there are usually crew/personnel
movement scales on the load adjuster. These scales are
derived for a standard personnel weight selected to represent
one member of the crew or mission personnel. They are
graduated in compartments so that the effect on the running
index of personnel moving from one compartment to another
can be easily computed.

10–6. USING THE LOADING SCALES. The loading
scales can be used to compute the effect of the addition or
expenditure of a specific load item on any running index.

10–6.1. ADDITION. The procedure to compute the running
index for the addition of a specific load item is as follows:

10–6.1.1. Move the slide until the zero mark of the specific
loading scale is under the indicator hairline.

10–6.1.2. Move the indicator until the hairline is over the
weight or quantity of the addition to be computed.

10–6.1.3. The reading now under the hairline is the running
index ,which corresponds to the original aircraft condition
plus the specific load item.

10–6.2. EXPENDITURE. The procedure used to compute
the running index for the expenditure of a specific load item
is as follows:

10–6.2.1. Move the slide until the setting corresponding to
the total weight or quantity of the specific load item contained
in the aircraft condition is under the hairline.

10–6.2.2. Move the indicator until the hairline is over the
setting, which corresponds to that weight or quantity of the
load item that will remain in the aircraft.

10–6.2.3. The reading on the index scale now under the
hairline is the running index corresponding to the original
aircraft condition minus the specific load item.

NOTE

For the partial expenditure of some items
(such as fuel), it may be easier to remove the
entire item index contribution, and then re–en-
ter the index contribution of the remaining
portion.

10–6.3. MOST FORWARD CG AND MOST AFT CG.
Before computing the Form F most forward cg and most aft
cg, it is necessary to determine what configurations will
produce these conditions for the specific mission. The
determination requires a clear understanding of the principles
and procedures described in Section VII, as well as the
loading and expenditure data and requirements for the aircraft
and the specific mission. Once the most forward and aft cg
configurations are determined the center of gravities can be
computed. By using the procedures described above, add or
expend stores, ammo, fuel, etc. to or from any previously
computed weight and index of that specific mission. The cg
can then be read by removing the slide and reading the cg at
the inter–section of the hairline and the computed gross
weight on the loading scale.

10–6.4. CORRECTIONS. Corrections are accomplished on
the Form F in much the same way as previously described.
The effect of the load items to be added or removed is
computed by applying the procedures previously described to
the weight and index to be corrected. The corrected cg is read
by removing the slide and reading the cg at the intersection of
the hairline and the corrected weight on the loading scale. The
loading scale also indicates if the corrected cg is within the
Safe (white), Caution (yellow), or Danger (red) loading
ranges.

10–7. ACCURACY. The accuracy of the load adjuster is
based on MIL–C–6092A which requires that the center of
gravity determination using the load adjuster not vary from
the mathematical calculations by more than 1/10 of 1 percent
of the mean aerodynamic chord.
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SECTION XI
VECTOR DIAGRAM

11–1. PURPOSE. The function of a vector diagram is to
provide a graphical solution to the aircraft center of gravity,
cg, control requirement. The vector diagram provides a
method, which can:

Determine if the weight and cg are within the allowable limits.

Record the weight and cg changes, which occur during flight.

Provide cg controls, which produce a desired cg.

Provide the user with a better understanding of cg changes.

11–2. DESCRIPTION. The vector diagram is a drawing
of an aircraft’s allowable weight and cg envelope and its cg
movement. The vector diagram, sometimes called fan dia-
gram or fan grid is a convenient tool because any given
loading will always produce exactly the same vector, a line of
a specific length and direction. Regardless of the aircraft
weight and cg at the start of a loading the cg and weight will
change by the amount and in the direction determined by the
vector. The rectangular diagram cannot use the vector
procedures.

11–3. DIAGRAM CONSTRUCTION. The aircraft –5
series TO Basic Weight Checklist and Loading Data, also
known as Chart E loading data, is the data source and
authority for vector diagram construction. The construction
may be positioned on the paper as desired and constructed to
any convenient scales.

11–4. DIAGRAM USE. Use of a vector diagram is
optional within the using command. Diagram use can be
illustrated as follows: An airplane is to fly a maximum
endurance mission. Fuel management, to control the cg, is to
be determined through the use of a vector diagram. Chart C
weight record and the TO –5 Chart E loading data provide data
as follows:

MAC, Mean Aerodynamic Chord  =  272.3

LEMAC, Leading Edge of MAC =   763.0

Basic Weight =  172,728 pounds at
864.9 (37.4% MAC)

Crew, Flight, 5 =  1,075 at 92

Crew, Mission, 14 =  3,010 at 530

Food and Water =  266 at 1,291

Maximum Takeoff Weight = 325,000

Maximum Fuel Capacity = 151,938

11–4.1. The data provides the operating weight as the sum
of the individual weights as 177,079 at 855.2, 33.9% MAC.
The maximum fuel, for this mission, is the maximum takeoff
weight less the operating weight, or 147,921. Note that fuel
capacity is 151,938.

11–4.2. A typical fuel loading is to load the outboard wing
tanks to capacity and the center wing tank with the remainder
as follows:

Reserve 1 and 4 5,708 lbs at 1101.7

Main 1 and 4 30,199 lbs at 934.6

Main 2 and 3 52,896 lbs at 788.4

Center Wing 59,118 lbs at 710.9

The fuel added to the operating weight results in a takeoff
gross weight of 325,000 pounds at 829.8, which is 24.5%
MAC.

11–4.3. Typical Fuel use sequences are outlined in the –5
TO and, in this case, would be as follows:

11–4.3.1. Center wing for takeoff, climb, and cruise.

11–4.3.2. Center wing to engine 1 and 4 and main 2 and 3
to engine 2 and 3 until the total of main 2 and 3 equals the total
of main 1 and 4 plus reserve 1 and 4.

11–4.3.3. Main 1, 2, 3, and 4 to adjacent engines until gross
weight is not more than 285,000.

11–4.3.4. Transfer reserve 1 and 4 to main 1 and 4.

11–4.3.5. Main 1, 2, 3, and 4 to adjacent engines until 8,000
remains in each main tank.
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11–4.3.6. Center wing to engine 1, 2, 3, and 4 until empty.

11–4.3.7. Main 1, 2, 3, and 4, to adjacent engines until
empty.

11–4.4. Fuel Management can be determined as follows:

11–4.4.1. On the vector diagram (Figure 11–1) locate the
takeoff gross weight at 325,000 and 24.5% MAC.

11–4.4.2. Construct a center wing fuel vector from the gross
weight location. The vector is parallel to the center wing
vector on the diagram margin and exits the allowable cg
envelope at approximately 33% MAC and 273,600 pounds.
The maximum acceptable vector length is 3.5 inches of the
4.52 inch center wing Fuel Vector which represents (3.5/4.52)
66,254, or 51,303 pounds.

11–4.4.3. The next fuel use is from the center wing and main
2 and 3 until the total of main 2 and 3 equals the total of main
1 and 4 plus reserve 1 and 4. Main 1 and 4 plus reserve 1 and
4 have a total of 35,908. Main 2 and 3 have a total of 52,896.
Thus main 2 and 3 are to supply 52,896 less 35,908, or 16,988.
A total of 33,976 is to be 16,988 from the center wing and
16,988 from main 2 and 3. The main 2 and 3 vector is
(16,988/52,896) 2.86, or 0.92 inches. The center wing vector
is (16,988/66,254) 4.52, or 1.16 inches. At the 250,000
pounds and 35% MAC point on the vector diagram construct
a vector equal to the center wing 1.16 vector and the main 2

and 3 vector of 0.92. Construct a line parallel to the vector
diagram aft cg limit through the center wing and main 2 and
3 vector termination. The parallel line intersects the initial
center wing vector at approximately 291,200 pounds and
29.7% MAC. It is now evident that not more than 325,000 less
291,200, or 33,800 pounds, may be used from the center wing
initially for takeoff, climb, and cruise. Arbitrarily, use 25,000
from the center wing. Construct the center wing and main 2
and 3 vector from the center wing terminal point at 300,000
pounds for the initial fuel use. The vector will terminate at
300,000 less 33,976, or 266,024 pounds.

11–4.4.4. Reserve 1 and 4 are to be transferred to main 1 and
4 while main 1, 2, 3, and 4 supply adjacent engines until 8,000
pounds remain in each main tank. Main 2 and 3 have 52,896
less 16,988, or 35,908 pounds. The 35,908 less 16,000 is
19,908 which is to be used from main 2 and 3 and 19,908 is
to be used from main 1 and 4. The cg moves from 266,024
pounds and 32.7% MAC to 226,208 pounds and 29.6% MAC.

11–4.4.5. Next the center wing is used until empty. The
center wing contains 59,118 less 25,000 less 16,988, or
17,130 pounds. Construct the 17,130 vector. The vector
terminates at 209,078 pounds and 33.3% MAC.

11–4.4.6. Next the main 1, 2, 3, and 4 supply adjacent
engines until flight termination. The zero fuel condition is
177,079 pounds at 33.9% MAC, which is the operating
weight for this flight.
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Figure 11–1.  Vector Diagram
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11–4.4.6.1. An arithmetic check of the vector solution can
be made as follows:

ITEM WEIGHT ARM %
MAC

Basic Wt, Chart C Data  172,728  864.9  37.4

Crew, Flight, 5 1,075 92

Crew, Mission, 14 3,010 530

Food and Water 266 1291

Operating Wt (177,079) 855.2 33.9

Fuel,Reserve 1 and 4 5,708 1101.7

Main 1 and 4 30,199 934.6

Main 2 and 3 52,896 788.4

Center Wing 59,118 710.9

Takeoff Gross Weight (325,000) 829.8 24.5

Use 2500 Center Wing – 25,000 705.6

(300,000) 840.1 28.3

Use 16988 Main 2 and
3

– 16,988 785.2

Use 16988 Center
Wing

– 16,988 709.9

(266,024) 851.9 32.7

Use 19908 Main 2 and
3

– 19,908 794.8

Use 19908 Main 1 and
4

– 19,908 950.9

Transfer reserve 1 and 4
to Main 1 and 4

– 5,708 1101.7

5,708 915.1

(226,208) 843.6 29.6

Use Center Wing Until
Empty

– 17,130 719.6

(209,078) 853.7 33.3

Use Main 1 and 4 Until
Empty

– 15,999 907.3

Use Main 2 and 3 Until
Empty

– 16,000 783.8

Operating Wt (Zero Fuel
Condition

(177,079) 855.2 33.9

11–5. VECTOR DIAGRAM CONSTRUCTION. (See
Figure 11–2). Construction of a vector diagram starts with the
collection of data such as may be found in the appropriate –5

TO loading data. The data which follows represents the
aircraft, which was considered in the section on vector
diagram use.

MAC, Mean Aerodynamic Chord  =  272.3

LEMAC, Leading Edge of MAC =   763.0

Basic Weight =  172,728 pounds at
864.9 (37.4% MAC)

Crew, Flight, 5 =  1,075 at 92

Crew, Mission, 14 =  3,010 at 530

Food and Water =  266 at 1,291

Operating Weight =  177,079 at 855.2
(33.9% MAC)

Maximum Takeoff Gross Weight,
MTOGW

= 325,000

Maximum Fuel Capacity = 151,938

CG, Center of Gravity, Envelope Limits are 22% MAC
forward up to 325,000 pounds and 35% MAC aft up to
250,000 to 30% at 320,000 pounds, to 27% at 325,000
pounds.

Some individuals constructed the diagram on a standard 8 1/2
by 11 inch paper with the diagram longitudinal axis, the
weight axis, in the 8 1/2 inch direction as in Figure 11–2.
Others prefer the weight axis to be in the 11 inch direction as
shown in Figure 11–1.  This example will be as in Figure 11–2.
For this example, the diagram will be positioned in the upper
region of the paper so that data may be placed in the lower
region.

11–5.1. The weight range is to be from 170,000 to 340,000
pounds, a range arbitrarily selected to somewhat exceed
current limits. The space available is 8 1/2 less 0.75, left
margin, less 0.5, right margin, or 7.25 inches. The minimum
weight scale is (340,000 –170,000)/ 7.25, or 23,448 lbs/inch.
It is convenient to construct the diagram to a scale of 1 inch
equals 30,000. The longitudinal, weight, scale will be
(340,000–170,000)/30,000, or 5.67 inches.

11–5.2. The moment axis is perpendicular or in this
example, vertical to the weight axis. The moment range will
be from 20 to 38% MAC which equates to 340,000 x
(0.38–0.20) x 272.3, or 16,664,760 inch pounds. (The
moment RANGE = Maximum Scale Weight x % MAC Range
x MAC). The moment range is selected to somewhat exceed
current weight and CG envelope limits. The vertical space
available is estimated to be 5 inches. The moment divided by
5 is 3,332,952 inch pounds. Arbitrarily, the moment scale will
be set to 1 inch = 3,000,000, or 5.55 inches.
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Figure 11–2.  Vector Diagram Construction



T.O. 1–1B–50

11–6

11–5.3. Diagram construction will proceed as follows. The
median moment line, 29% MAC, (20% + 38%)/2, will be
located (0.5)x5.55 plus 1, top margin, or 3.75 inches from the
top of the paper and it will extend left a distance of 5.67 inches
from a point 0.75 inches left of the right margin. Construct the
29% MAC line.

11–5.4. At the right end of the 29% MAC line erect a
perpendicular line which is the 340,000 pound line. This line
is to be 5.55 inches long, divided into equal parts by the 29%
MAC line. Divide this perpendicular line into 18 equal parts,
which represent the 20 to 38% MAC lines.

11–5.5. At the left end of the 29% MAC line erect a
perpendicular line, which is the 170,000 pound line. The
perpendicular will be 170,000x(0.38–0.20)x(272.3)/
3,000,000, or 2.78 inches total, bisected by the 29% MAC
line. Divide this perpendicular line into 18 equal parts, which
represent the 20 to 38% MAC lines. Construct straight lines
connecting the same %MAC points on the right and left
perpendicular lines. Label the %MAC and weight line
appropriately.

11–5.6. It is desired to include fuel vectors in the diagram
margins. To do this, the vector will be, temporarily,
constructed within the diagram and transferred to the diagram
margin. The vectors will be constructed from the 240,000
pounds and 32 %MAC intersection for ease of construction.
Fuel data is as follows when fuel density is 6.5 lb/gal.

Reserve 1 and 4  = 5,707 pounds at 1,102

Main 1 and 4  = 30,199 pounds at 935

Main 2 and 3  = 52,897 pounds at 788

Center Wing  = 66,254 pounds at 707

Define the Reserve 1 and 4 Vector as follows:

    240,000 ((0.32) 272.3 + 763) + 5,707 (1102) =
(240,000 + 5,707) Arm

Arm  = 856,  34.2 %MAC

11–5.6.1. The vector extends from 240,000 pounds at 32
%MAC to 245,707 pounds at 34.2 %MAC. Construct this
vector on the diagram.

11–5.6.2. The other vectors are found in a similar fashion
and are constructed as follows:

11–5.6.2.1. Main 1 and 4 vector is from 240,000 pounds at
32% to 270,199 pounds at 35.5 %MAC.

11–5.6.2.2. Main 2 and 3 vector is from 240,000 pounds at
32% to 292,897 pounds at 27.9 %MAC.

11–5.6.2.3. Center wing vector is from 240,000 pounds at
32% to 306,254 pounds at 20.6 %MAC.

11–5.7. Transfer the vectors outside of the diagram and label
them appropriately. A vector may be moved through the use
of a pencil, a scale, and two triangles. Remove the vectors
from within the diagram. Place the weight and moment scales
and the MAC and LEMAC data in the lower right area of the
paper. Outline the weight/cg envelope in heavy lines. Place
the model designation, example in this instance, at the top of
the paper. The diagram is complete since only fuel vectors
were to be considered. Vectors can be constructed for
munitions delivery paratroop drop, passenger movement, and
all flight events.
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APPENDIX A
DEFINITIONS

AFT CENTER OF GRAVITY LIMIT.

The aft center of gravity limit is the most aft permissible
aircraft center of gravity location for a specific weight and
configuration.

AIRCRAFT WEIGHING RECORD.

An Aircraft Weighing Record, DD Form 365–2, is the form
used to record data obtained from aircraft actual weighing.

ALLOWABLE GROSS WEIGHTS.

The allowable weight is the not to be exceeded weight of a
loaded aircraft. The aircraft flight manuals (i.e., –1 Flight
Manual and –5 Basic Weight Check List and Loading Data)
specify allowable weights for particular configurations or
conditions. Some examples are allowable takeoff weight,
allowable landing weight, and allowable limiting wing fuel
weight.

ARM.

An arm is the distance of a weight from a reference datum.

AUTOMATED WEIGHT AND BALANCE SYSTEM
(AWBS).

The Automated Weight and Balance System (AWBS) is a
system that utilizes a desk top computer to fill out forms
similar to the DD 365 series forms. Aircraft weight data is
stored in the program and may be updated via the computer,
thus reducing mathematical errors. More information on the
AWBS is found in Section VIII of this Technical Order.

AVERAGE WEIGHT.

The summation of the individual weight divided by the
number of the individual weights, i.e.: (First Weight + Second
Weight + Third Weight)/3 = Average Weight.

BALANCE.

Balance is a condition of stability, which exists in an aircraft
when all weights and forces are acting in such a way as to
prevent rotation.

BALANCE ARM.

The balance arm is the arm at which a number of weights
could be concentrated to produce the same effect as they
produced when separated. The balance arm results from
dividing the total moment by the total weight.

BALANCE COMPUTER.

A balance computer is a calculating device, mechanical or
electronic, which is used to determine the aircraft center of
gravity location for any flight or ground configuration.

BALLAST.

Ballast is any weight put in an aircraft to balance the aircraft
so as to remain within the aircraft permissible center of
gravity limits.

BASIC ARM.

The basic arm is the distance from the reference datum to the
aircraft basic weight center of gravity. Basic arm is deter-
mined by dividing the aircraft basic moment by the aircraft
basic weight.

BASIC INDEX.

A basic index is a number, which represents a basic moment
on an aircraft load adjuster.

BASIC MOMENT.

The basic moment is the sum of the moments of all items
included in the aircraft basic weight.

BASIC WEIGHT.

Basic weight is the sum of weight empty and weights of items
not in CHART E. Examples of items in basic weight may be
guns, unusable fuel, engine oil, ballast, survival kits, oxygen,
and internal and external equipment not disposed of during
flight. The aircraft current basic weight is the last entry in the
CURRENT TOTAL BASIC AIRCRAFT column on the
CHART C.
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BASIC WEIGHT AND BALANCE RECORD.

The basic weight and balance record is a continuous series of
DD Forms 365–3, referred to, as CHART C. It is a continuous
and permanent record of aircraft weight, moment and load
adjuster index or center of gravity position.

BASIC WEIGHT CHECK LIST RECORD.

The basic weight check list record is a completed collection
of DD Form 365–1, referred to as CHART A. It is a list of
equipment by aircraft compartment which is, or can be,
installed in the aircraft.

BUTTLINES.

Buttlines are reference locations in the lateral (left or right)
direction from the aircraft longitudinal (forward to aft)
reference datum, which is usually, the aircraft centerline.

CG

CG or cg is an abbreviation of center of gravity.

CAUTION RANGE.

A caution range is a region of a weight and center of gravity
diagram, or table, which indicates reduced aircraft capabili-
ties, such as aircraft control or structural limitations.

CENTER OF GRAVITY.

The center of gravity, cg, is that point at which an item’s
weight may be assumed to be concentrated and about which
the item would balance if suspended.

CENTROID

Centroid is commonly used as the average arm or geometric
center of a compartment.

CHART A.

See Basic Weight Check List Record.

CHART C.

See Basic Weight and Balance Record.

CHART E.

See Loading Data.

CHORD.

A chord is an imaginary straight line joining the leading and
trailing edges of an airfoil (such as a wing or tail surface).

CONFIGURATION.

Configuration is a particular arrangement and quantity of
structure, systems, internal and external equipment, stores,
fuel, and other items, and the positions of such things as
wings, slats, flaps, and landing gear.

DANGER RANGE.

A danger range is a region of a weight and center of gravity
diagram, or table, within which flight and/or ground operation
of an aircraft is not permitted.

DD FORM 365.

See Record of Weight and Balance Personnel.

DD FORM 365–1.

See Basic Weight and Check List Record.

DD FORM 365–2.

See Aircraft Weighing Record.

DD FORM 365–3.

See Basic Weight and Balance Record.

DD FORM 365–4.

See Weight and Balance Clearance Form.

DRAINABLE FUEL.

Drainable fuel is that portion of the fuel that can be drained out
of an aircraft through drain points after defueling in accor-
dance with appropriate TO’s.

FLIGHT GROSS WEIGHT.

Flight gross weight is the weight of the aircraft, its contents
and external items during flight. It is also know as flight
weight and in–flight weight.

FLOOR LOADING.

Floor loading is the weight of a load divided by the area of the
floor upon which the weight is placed. Specific aircraft
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technical order data (–9 or –5) will usually specify floor
loading limits and total load capacity for various compart-
ments of the aircraft.

FORM B.

See Aircraft Weighing Record.

FORM F.

See Weight and Balance Clearance Form.

FORWARD CENTER OF GRAVITY LIMIT.

The forward center of gravity limit is the most forward
permissible aircraft center of gravity location for a specific
weight and configuration.

FULCRUM.

A fulcrum is a pivot or support about which items can be
balanced or rotated.

FUSELAGE STATION.

Fuselage stations are reference locations measured in the
longitudinal direction (forward or aft) from a reference datum
which is usually well forward of the aircraft.

GROSS WEIGHT.

Gross weight is the total weight of the aircraft, including its
contents and externally mounted items, at any time. The gross
weight is continually changing throughout flight and/or
ground operations.

INDEX.

See Load Adjuster Index.

JIG POINTS.

A jig point is a hole, fitting, or other fixture, which is the same
known distance from each reference datum for all aircraft of
the same model designation.

LANDING GROSS WEIGHT.

Landing gross weight is the weight of the aircraft, its contents
and external items when the aircraft lands. It is also known as
landing weight.

LEMAC.

LEMAC is an abbreviation for Leading Edge of the Mean
Aerodynamic Chord. The LEMAC is usually identified as a
fuselage station.

LEVELING LUGS.

Leveling lugs are fixtures attached to the aircraft to support a
spirit level or inclinometer when leveling the aircraft.

LEVELING PLATE.

A leveling plate is a target with index markings which is
attached to the aircraft and is used with a plumb bob when
leveling the aircraft.

LIMITING WING FUEL ALLOWABLE GROSS WEIGHT.

Limiting wing fuel allowable gross weight is a weight above
which any additional load must be fuel carried in the wing.

LOAD ADUSTER.

A load adjuster is a slide rule type mechanical balance
computer.

LOAD ADJUSTER INDEX.

A load adjuster index is a number, which represents moment
on the aircraft load adjuster and, in conjunction with aircraft
weight or index formula, permits center of gravity calcula-
tions.

LOADING CONTROL.

Loading Control, as used in weight and balance, is the use of
weight and balance forms and loading data to ensure that the
aircraft weight, center of gravity, and any other loading limits
are not exceeded during flight or ground operations.

LOADING DATA.

Loading Data is part of the aircraft –5 series TO. It contains
instructions for aircraft actual weighing, aircraft diagrams,
loading limits, general instructions affecting aircraft loading,
and the weight, arm and moment/index information necessary
to perform loading control.

LOADING LIMITS.

Loading limits are restrictions, such as permissible center of
gravity range, floor loading, compartment capacity, and gross
weight, beyond which aircraft loading is not permitted.
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MAC.

MAC is an abbreviation for Mean Aerodynamic Chord. The
MAC is usually stated in inches.

MAINTAINING.

Assuring correctness of the weight and balance manual,
verifying data in the document is correct, assuring entries are
proper and the manual is stored in accordance with T.O.
1–1B–50.

MAXIMUM GROSS WEIGHT.

See Allowable Gross Weight.

MAXIMUM ZERO FUEL WEIGHT (MZFW).

Maximum zero fuel weight is the maximum permissible
weight of the loaded aircraft before any usable fuel is added.

MEAN AERODYNAMIC CHORD

The Mean Aerodynamic Chord, MAC, is an engineering
term, which represents an airfoil’s chord in aircraft design. As
such, it is a constant length, which is also used in the
calculation of center of gravity location in terms of percent
MAC.

MOMENT.

Moment is a measure of the rotational tendency of a weight
about a point. The moment of an item is the item’s weight
multiplied by its arm.

MOMENT ARM.

See Arm.

NEGLIGIBLE CHANGE.

Negligible change, unless specified in the aircraft –5 series
TO, is any weight change of 0.1 percent of basic weight or less
and/or any moment change which moves the center of gravity
0.1 percent of the MAC, 0.1 inch for rotor–craft, or less.

OPERATING WEIGHT.

Operating weight is the sum of aircraft basic weight and such
things as crew, crew baggage, steward equipment, emergency
equipment, special mission fixed equipment, pylon and racks
not in basic weight, and other non–expendable items.

OPERATING WEIGHT EMPTY/OPERATING EMPTY
WEIGHT.

Operating weight empty and operating empty weight are
variously defined civil aviation terms which differ from and
are not to be confused with the Air Force term operating
weight.

PAYLOAD.

Payload is any item, which is being transported and is directly
related to the purpose of the flight as opposed to items that are
necessary for the flight operation. Payload can include, but is
not limited to, passengers, cargo, passenger baggage, ammo,
internal and external stores, and fuel which is to be delivered
to another aircraft or site.  Payload may or may not be
expended in flight.

PERCENT MAC (%MAC).

Percent MAC expresses a location as a percentage of the mean
aerodynamic chord.

PERMANENT BALLAST.

Permanent ballast is ballast which is required to be in the
aircraft at all times and is a CHART A item.

PERMISSIBLE GROSS WEIGHT.

See Allowable Gross Weight.

RECORD OF WEIGHT AND BALANCE PERSONNEL.

The Record of Weight and Balance Personnel, DD Form 365,
is the form used to provide a permanent continuous record of
weight and balance personnel responsible for maintaining the
aircraft weight and balance handbooks.

REFERENCE DATUM.

A reference datum is a zero reference position from which
distances are measured. Aircraft have three zero reference
datum from which aircraft locations are measured in the
longitudinal (using fuselage station), lateral (using buttlines),
and vertical (using waterlines) directions.

REPRESENTATIVE AIRCRAFT.

A representative aircraft is one chosen as being typical of a
number of aircraft of the same Model/Design with similar
structure, systems, and equipment configurations.

SCALE CORRECTION FACTOR.
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A scale correction factor is used to modify weighing scale
readings because of inherent inaccuracies of the scale. Such
factors may be, but are not limited to: calibration correction
factors with the use of mechanical scales, load cell correction
factors when the load cell readings do not return to zero after
unloading with the use of electronic scales, or gravitation
correction factors which depend upon the latitude of the earth.
Refer to the scale’s applicable 35B2 series TO for the
appropriate factors.

SERVICE WEIGHT PICK–UP.

Service weight pick–up is the known and unknown weight
change due to items such as repairs, modifications, wear, dirt,
moisture, and unaccountable weight.

SIMPLIFIED MOMENT.

Simplified moment is a moment divided by an established
constant such as 100, 1000, 10,000, or 100,000.

TAKEOFF GROSS WEIGHT.

Takeoff gross weight is the gross weight of the aircraft at the
time the aircraft becomes airborne.

TARE.

Tare is the weight of equipment necessary for weighing the
aircraft, such as chocks, blocks, slings, and jacks, which is
included in the scale reading but is not part of the aircraft
weight. It also can include a Scale Correction Factor.

TEMPORARY BALLAST.

Temporary ballast is used to replace missing items, such as
crew members, armament, and equipment, in order to
maintain the aircraft center of gravity within limits and/or to
simulate a specific aircraft configuration.

TRAPPED FUEL.

Trapped fuel is the fuel that remains in an aircraft after
utilizing applicable TO’s to defuel the aircraft and drain
individual tanks and lines.

UNACCOUNTABLE WEIGHT.

Unaccountable weight is any change in basic weight, which
is not reflected by an entry in the CHART C.

UNUSABLE FUEL.

Unusable fuel is the fuel remaining in the aircraft after engine
fuel starvation when the aircraft is in the specified flight
attitude.

WATERLINE.

Waterlines are locations in the vertical (up and down)
direction measured from a reference datum which is usually
well below the aircraft.

WEIGHING REACTION POINTS.

Weighing reaction points are those points upon which the
aircraft weight is supported during weighing.

WEIGHT AND BALANCE AUTHORITY.

Person who has the responsibility to ensure the weight and
balance work is complete and correct.

NOTE

The Weight and Balance Authority for the unit
organization is directed by the MAJCOM.  For
ALC’s and Contractors, the Weight and Bal-
ance Authority is the person or persons
designated and empowered with the authority
of the organizational commander under which
weight and balance functions. The Weight and
Balance Authority for the ALC or contractor
must have graduated from an ATC approved
Weight and Balance course of instruction.
Exceptions to this requirement must be ap-
proved by ASC/ ENFSS. The authority’s duty
is to ensure weight and balance work is
complete, up to date, and correct in accor-
dance  with T.O. 1–lB–50, appropriate, –5
Technical Orders, appropriate regulations,
and appropriate specifications.

WEIGHT AND BALANCE CLEARANCE FORM.

The Weight and Balance Clearance Form, DD Form 365–4,
is referred to as Form F. Tactical and Transport Forms F record
weight, moment or index, and center of gravity calculations
to ensure the aircraft remains within its weight and balance
limitations.

WEIGHT AND BALANCE HANDBOOK.

An aircraft weight and balance handbook is a continuous and
permanent record of weight and balance of a particular
aircraft.
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WEIGHT AND BALANCE TECHNICIAN/ PERSONNEL.

Qualified person assigned to weight and balance work.

WEIGHT EMPTY.

Weight empty is an engineering term, which is defined for
aircraft design and does not affect operational activities. It is
the weight of the aircraft, complete by model design
definitions, dry, clean, and empty except for fluids in closed
systems such as a hydraulic system.

ZERO FUEL WEIGHT.

Zero Fuel Weight is the weight of the loaded aircraft without
any usable fuel. See also Maximum Zero Fuel Weight.

TO 1X–XXX–5, BASIC WEIGHT CHECKLIST AND
LOADING DATA.

TO 1X–XXX–5, known more commonly as the aircraft –5
series TO, contains Charts A and E for a particular aircraft –5
series TO, when combined with a completed Charts and
Forms, becomes a particular aircraft Weight and Balance
Handbook. An example of an aircraft –5 series TO would be
TO 1B–52G–5 for the B–52G aircraft.

TO 1X–XXX–6, SCHEDULED INSPECTION AND
MAINTENANCE REQUIREMENTS.

TO 1X–XXX–6, more commonly known, as the aircraft –6
TO, is the technical order containing inspection and mainte-
nance requirements and intervals for a particular aircraft.
Weighing intervals are frequently, but not always, contained
in the aircraft –6 TO. An example of an aircraft –6 TO is TO
1A–10A–6 for the A–10A aircraft.

TO 1X–XXX–9, LOADING INSTRUCTIONS.

TO 1X–XXX–9 commonly known, as the aircraft’s –9 TO, is
the technical order which contains loading instructions for a
particular aircraft. Usually, only cargo type aircraft have –9
TO’s. An example is TO 1C–135A–9 for the C–135 aircraft.

TO 35B2/3 SERIES, AIRCRAFT HANDLING AND
WEIGHING EQUIPMENT.

The 35B2/3 series is a series of TO’s, each covering a specific
piece of aircraft weighing or handling equipment, such as an
electronic weighing kit. Instructions for use, as well as
maintenance and overhaul instructions, may be contained in
a 35B2/3 series TO.

TO 00–5–1, AIR FORCE TECHNICAL ORDER SYSTEM.

TO 00–5–1 is the technical order that presents instructions
and procedures for the USAF Technical Order System. Any
matters concerning technical orders, their use, or methods to
correct technical order errors are contained in TO 00–5–1.

TO 00–5–2, TECHNICAL ORDER DISTRIBUTION SYS-
TEMS PUBLICATIONS.

TO 00–5–2 contains instructions for obtaining copies of
USAF Technical Orders.

AFR 4–20, DISPOSITION OF AIR FORCE DOCUMEN-
TATION.

AFR 4–20 contains policies, procedures, responsibilities, and
standards for disposition of USAF weight and balance data.

AFR/MCR/ANGR/AFRES 21 Series, MAINTENANCE
MANAGEMENT.

AFR/MCR/ANGR/AFRES 21 Series establishes the mainte-
nance management system for the USAF. AFR/MCR/ANGR/
AFRES 21 Series, contains information on Quality
Assurance, the operational level group tasked with managing
the weight and balance program for all assigned aircraft.

AFI 11–215, FLIGHT MANUALS PROGRAM.

AFI 11–215 establishes management procedures relating to
flight manuals. AFI 11–215 identifies the aircraft –5 series
TO’s as part of the Flight Manuals Program.
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APPENDIX B
SAMPLE CHARTS AND FORMS

B–1. The following example represent the proper comple-
tion and use of the DD 365 series charts and forms, as well as
the Automated Weight and Balance System (AWBS), to
complete the Weight and Balance Handbook.  The DD 365
Series forms are shown in Figures B–1 through B–7.  The
equivalent AWBS forms are shown in Figures B–8 through
B–13.

B–1.1. On 19 February 1989, a General Dynamics F–1XA
received a production inventory and weighing under the
responsibility of Mr. John Brown (see figures B–1 and B–8).
Mr. Brown completed the first check mark column of the
CHART A (see figures B–2 and B–9), derived from weighing
the basic weight condition of 15,513 pounds, 50,417 inch–
pounds/100, and a balance arm of 325.0 inches (see figures
B–3 and B–9), and entered the basic weight condition into the
CHART C (see figures B–4 and B–11).  Note that because the
aircraft was weighed completely dry (no trapped fuel) only
the unusable fuel was added to column II and no fuel entry was
made to column I.

B–1.1.1. The F–1XA was delivered to Hill AFB on 12
March 1989.  SSgt Jim Green was given the responsibility for
maintaining this aircraft’s Weight and Balance Handbook
(see figure B–1 and B–8).  He performed the acceptance
inventory upon delivery while completing the second check
mark column of the CHART A (see figures B–2 and B–9).

B–1.1.2. On 3O March l989, an equipment change was
made (see figures B–4 and B–11).  Notes of addition/removal
were made in the CHART A (see figures B–2 and B–9) and,
since the weight change was less than 0.1 percent of the basic
weight and cg change was less than 0.1 percent MAC, no new
basic weight condition was calculated (see figure B–4).

B–1.1.3. On 27 June 1989, the engine was changed, and
TCTO 1F–1XA–600 (20 Aug 88) was incorporated.  Since
weight, arm, and moment data for the change was available,
a CHART C entry was made and no actual weighing was
required.  However, the change caused a weight increase of
more than 0.1% of the basic weight, so a new basic weight
condition of 15,573 pounds, 50,679 inch–pounds/100, and a
balance arm of 325.4 inches was calculated and entered into
the CHART C (see figure B–4).

B–1.1.4. Using CHART E LOADING DATA from T.O.
1F–1XA–5 (see figure B–5), a FORM F was completed for
the air–to–air mission on 27 August 1991 (see figures B–6 and
B–12).  A takeoff condition with oil, pilot, chaff/flares, ammo,
missiles, and internal and external fuel loads was calculated
and found to be within the prescribed weight and cg limits.
The word oil, the number of gallons, the weight, and the
simplified moment of the oil were included, as required by
paragraph 5.6.3.3, because the F–1XA’s–5 said oil was not
part of its basic weight.  In the manual system, taxi and takeoff
fuel and gear retraction were considered in the Ref 11
CORRECTIONS. In the AWBS, they are considered a
negative value under Fuel for fuel and the retraction is
considered in the program setup.  A gear–up takeoff condition
was calculated in Ref 12 TAKEOFF CONDITION (Cor-
rected) and was found to be within the prescribed weight and
cg limits.  For the landing condition, the loads of the takeoff
fuel, missiles, external fuel hardware (B–1 configuration) and
half the live ammo were deleted.  Also, the gear extension
moment and approximately 106 gallons of landing fuel were
added.  The estimated landing condition was calculated and
found to be within the prescribed weight and cg limits.  Both
the most forward and most aft cg conditions were calculated
and found to be within the prescribed cg limits.

B–1.1.5. Because unsatisfactory flight characteristics were
reported whose cause could not be satisfactorily identified,
the F–1XA was weighed on September 1991 (see figures B–7
and B–13).  The weighing inventory was performed using the
third record of checking column on the Chart A.  The new
inventory was compared with the last completed inventory,
noting the changes of items installed in the aircraft.  The
CHART C was reviewed to assure that the weight and moment
corrections were made for those items added and removed
since the last inventory, using the dates in the CHART A items
and location columns as an aid in locating the item on the
CHART C.  After verifying that the correct CHART C entry
had been made, a check was placed in the third record of
checking CHART C ENTRY column on the CHART A.  The
weighing was accomplished using jacks and load cells at the
wing and nose jack points.  The dimensions E and F were
taken from T.O. 1F–1XA–5 as were the draining, leveling,
and weighing instructions.  The new basic weight condition
of 15,572 pounds, 50,686 inch–pounds/100, and an arm of
325.5 inches was derived and entered into the CHART C (see
figures B–4 and B–11).
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Figure B–1.  Sample DD Form 365–1
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Figure B–2.  Sample DD Form 365–1 (Chart A)
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Figure B–3.  Sample  DD Form 365–2 (Form B) (Sheet 1 of 2)
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Figure B–3.  Sample DD Form 365–2 (Form B) (Sheet 2 of 2)
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Figure B–4.  Sample DD Form 365–3 (Chart C)
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Figure B–5.  Sample F–1X Chart E (Sheet 1 of 6)
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Figure B–5.  Sample F–1X Chart E (Sheet 2 of 6)
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Figure B–5.  Sample F–1X Chart E (Sheet 3 of 6)
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Figure B–5.  Sample F–1X Chart E (Sheet 4 of 6)
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Figure B–5.  Sample F–1X Chart E (Sheet 5 of 6)
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Figure B–5.  Sample F–1X Chart E (Sheet 6 of 6)
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Figure B–6.  Sample DD Form 365–4 Form F (Tactical)
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Figure B–7.  Sample DD Form 365–2 Form B (Sheet 1 of 2)
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Figure B–7.  Sample DD Form 365–2 Form B (Sheet 2 of 2)
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RECORD OF WEIGHT AND BALANCE PERSONNEL

Figure B–8.  Sample AWBS Record of Weight and Balance Personnel
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Figure B–9.  Sample AWBS Chart A

CHART A – BASIC WEIGHT CHECKLIST RECORD
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Figure B–10.  Sample AWBS Form B (Sheet 1 of 2)
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Figure B–10.  Sample AWBS Form B (Sheet 2 of 2)
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Figure B–11.  Sample AWBS Chart C

CHART C – BASIC WEIGHT AND BALANCE RECORD
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Figure B–12.  Sample AWBS Form F (Sheet 1 of 2)
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Figure B–12.  Sample AWBS Form F (Sheet 2 of 2)
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Figure B–13.  Sample AWBS Form B (Sheet 1 of 2)



T.O. 1–1B–50

B–24

Figure B–13  Sample AWBS Form B (Sheet 2 of 2) 


